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TOTALLY- ENCLOSED* 
HORIZONTAL MOTORS 


“TOTALLY-ENCLOSED 
EXPLOSION-PROOF 


U. S. MOTORS are offered in a wide range of sizes, horsepowers, speeds 


for a multitude of applications. They are offered with and without internal gearing and/or variable speed 
drives. Like all U.S. Motors they are quality built with long-life features such as asbestos-protected 
windings, normalized castings—and in the grease lubricated models, Lubriflush transverse lubrication 
Totally-Enclosed models are intended for use in atmospheres and locations where dirt, rain, oil drippings 
acids, alkali, erosive dusts, and similar adverse factors make it desirable to prevent outside air from 
passing through the motor. Available 14 to 150 H.P. Explosion-Proof motors in corresponding models 
are offered for highly hazardous locations in which explosive fumes or dusts are present. These motors 
carry the Underwriters’ Label for Class I Group D, and Class II Groups F and G. Bulletins on the 


above motors are available. Write to . 


U.S. ELECTRICAL MOTORS INC. 


P. O. Box 2058, Los Angeles, California or Milford, Connecticut 
Circle 101 on Inquiry Card 
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ASE /HISTORIES 


Extra small, single row 
ball bearings with 
shields ore capable of 
resisting combined radial 
and thrust loads. They 
offer accurate position- 
ing of small shafts 
requiring bearing bore 
diameters from 4 to 9mm. 


Be 
Photo: Courtesy Westinghouse Electric Corp. 





Vocuulm Cleaner Moror Moniufocirurer 
Curs Unit Cost 21° With IN» Bearing Design! 


CUSTOMER PROBLEM: 


Cut vacuum cleaner motor production costs, 
yet maintain present high efficiency. 


SOLUTION: 


N/D Sales Engineer suggested design modifi- 
cation using smaller ball bearings . . . New 
Departure high volume prelubricated, shielded 
bearings. Extensive testing in New Departure’s 
laboratories proved that these smaller pre- 
cision bearings, along with maintaining high 


efficiency, improved quality and provided 
quiet motor operation. The bearings accounted 
for a 2l1c per motor savings in vital part costs. 
What’s more, they gave accurate, long life 
positioning of rotor shaft under all load 
conditions and mounting positions. 


When it’s a question of maintenance-free high 
volume ball bearings for electric motors . . . and 
perhaps a cut in production cost, contact New 
Departure Division, General Motors Corpo- 
ration, Bristol, Connecticut. 


Replacement boll bearings are available through United Motors System and its Authorized Bearing Distributors. 


MrnG 
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BALL BEARINGS 
proved reliability you can build around 





Circle 104 on inquiry Cord 








MOTOR USER'S CASE HISTORY 


“Bodine Motors are 
DEPENDABLE” 
Massa, A division of 


Cohu Electronics, Inc. 


‘“‘We tested several makes of fractional horsepower motors to power our 
12-channel rectilinear recorder and selected Bodine Motors for these reasons 
... dependability . . . quietness of operation . . . superior design . . . quick 
delivery ... better packaging ... company reputation. Also we wanted a 
motor that had a high starting torque. This torque is necessary to attain 
the instantaneous chart speeds required of our recorders. We found Bodine 
Motors to have excellent starting torque.” 


... Ernest A. Massa, vice president 
Massa, A division of 
Cohu Electronics 


Here's the Massa 12-Channel 
Recorder... powered by a Bodine 
Fractional Horsepower Motor 

This direct writing oscillographic 
recorder can record 12 signals 
simultaneously! Its chart driving 
mechanism is powered by a 
Bodine, synchronous, split phase, 
reducer motor (see arrow). A 
clutch arrangement makes it 
possible to obtain 18 different 
synchronous chart speeds. 


3500 standard built-to-order BODINE MOTORS! 
300 stock BODINE MOTORS! 


BODINE 


FREE ...16-page bulletin on speed reducer motors 


7 horsepower 


More than 50 pictures, drawings and tables give de- MCAeeiE) gonine 


tailed information on the Bodine line of worm gear 


speed reducer motors. A special section discusses, 
‘factors in the application of speed reducer motors.” M ee 7) — ant 
Also included is a ‘‘characteristic chart’ on various 

the rs wer behind the eadina product 


motor types. Ask for Bulletin 1022B, Bodine Electric ; ie j Telit 
Company, 2506 West Bradley Place, Chicago 18, Illinois. 
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AIR CONDITIONING AWM 
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You can depend on performance 


Essex Lead Wire is manufactured ; : 
if Essex Wire 1s engineered into 


with plastic, rubber, neoprene and 
silicone insulations. Typical uses; your products. Choose from this 
motors, transformers, coils, fluorescent complete line of wires and cord 
ballasts and fixtures, switchboards, for your ref rigeration and air 
panels, controls, rectifiers, or any conditioning equipment. 
general appliance wiring application. 
THERMOPLASTIC (E) This very simple but effective 
THERMOPLASTIC (A) Polyvinyl! plastics are well known for polyviny! chloride construction, with insulation applied 
their dielectric strength and resistance to oils, solvents and directly over the conductor 's oil and flame resistant; has 
chemicals. They are strong and durable. The plastics used for a high dielectric and mechanical strength, strips easily 
this group covers 80°C, 90°C and 105°C temperature ratings. from the conductor, and colors are bright and permanent. 
U.L. approval on ail items. C.S.A. on 90°C and 105°C except ¥ it is produced with several temperature ratings and has 
sizes No.1 AWG and larger. both U.L. and C.S.A. approval. 
RUBBER AND BRAID (B) Essex P-300 ® has long been : NEOPRENE (F) The Neoprene insulation on this wire 
recognized as an outstanding and most acceptable motor lead - applied quveratane tor to the thickness, 
wire. It is a 75° C Rubber insulated, cotton braid, lacquered apa ; ; pucerens. Many 
wire, both U.L. and C.S.A. approved, that is most commonly preter this oll resistant wire, available with either a = C 
used with the usual baking cycles for motors, coils and trans- ; or 90° C temperature rating, because of its pliable insula 
formers. tion. U.L. and C.S.A. approval. 
NEOPRENE (C) Essex N-900 @ a new wire in our line, has @ RUBBER (G) The 60°C and 75°C rubber insulation, ap- 
high temperature oll resistant insulation. This is a © C lead plied over a tinned copper conductor, provides an excel- 
lent and economical appliance wiring aterial tor internal 


wire with both U.L. and C.S.A. approval. : : : 
: wiring where no extra protection against oil and higher 


SILICONE (D) Today's need for high temperature material | temperatures |S necessary. U.L. and C.S.A. approved. 
identifies Essex Sil-X ® wire with a silicone rubber insulation, 

2 glass braid, and lacquer finish, as an important item in our 

line. This product has U.L. approval for both 150° C and 200°C 

ratings depending upon the application and conductor stranding. 
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POWER 
Mad. SUPPLY CORDS 


Your requirements for refrig- 


erator or air conditioning 
S FLEXIBLE CORDS on emi 
adequately met with an Essex flat 
parallel cord that is designated by Under- 
Essex offers you 4 complete i i an SPT-3 Cord. 
line and the choice of 


rubber, neoprene, OF plastic : A parallel 60°C U.L. and 

constructions, the cord best C.S.A. approved polyvinyl : 

suited for your application. . insulated power supply nas HEATER WIRE 

cord that can be i © 
a produced in numer- 

RUBBER (H) Types S, SJ and SV portable and Uo) ous attractive colors ’ : 
supply cords are made with high quality rubber e to blend in with the Here is a wire designed for 
insulation and jacket materials. Smooth flexible, e appliance. The center use in the refrigeration 
tough and abray:/e resistant, will provide years or ground conductor industry, for electric pads 
of trouble free vperation: ; in the 3 conductor and many other purposes with 


truction is @ 
NEOPRENE (1) Neoprene cords are identified a — . an alloy that assures greater strength, 
; separately insulated 5 A 
and an insulation compound that 


by U.L. as types $0 and SJO. Provides high re- ; wire with 1/64" 
sistance to oil, grease and alkalies. It is particu- " insulation thickness. resists the constant subjection 
larly suitable for industrial uses. ’ U.L. approved. to heat from the resistance core. 


THERMOPLASTIC (3) ST, SUT and SVT ther- 
moplastic insulated and thermoplastic jacketed THERMOPLASTIC. 
cords are not affected by olls and greases are Thermoplastic-Nylon 


highly resistant to alcohols, acids and most pane a ee : This refrigerator heater wire has a fine 
chemical solvents. ne Ree No. 34 to No. 40 AWG alloy resistance 


wire wrapped spirally over a high tena- 
city 20-pound Fortisan textile core. it 
either of two thermo- 
with or without 4 

approved. 





So ESSEX een 


Strial Wire Products 
ESS : 
EX WIRE CORPORATION, MARION. IN 
m DIANA 


JULY 1960 


Circle 106 on Inquiry Card 








In this ISSUE 





Control 
Systems & Servos 
Product Design Case History 
Industrial Machinery 


Your Classification: 


Design Problems in 
Post-Office Automation 


Biggest overall problem is random input. Mail distribution 
functions being automated include culling raw mail, facing 
envelopes and cancelling stamps, sorting semi-automatically, 
reading addresses electronically, conveying mail and parcels 
High-speed facsimile transmission of letters is in the offing, 
as is vending equipment in non-attended post offices. 


Frank J. Oliver, Editor, Evectrica MANUFACTURIN« 


Electrical Manufacturing 


1960 July p 56 6 pp 


Basic Science ond Engineering Your Classification: 
Mathematics 


* Basic Differential Equations 


Differential equations are mathematical models to describe 
relationships of mass, motion and time as functions of in 
dependent variables. In network applications the independent 
variable is always time; in non-network applications it is 
length or time. The physical problems of the effects of me 
chanical forces, of temperature, of vibration, etc., expressed by 
mathematical symbols, can be analyzed and solved 


4. D. Kraus, Sperry Gyroscope Co., a Division of the 
Rand Corp., Great Neck, N. Y. 


“perry 
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Components, Electrical / Electronic 
Contact Devices 

Design Considerations 
Specifications and Standards 


Your Classification 


Testing 
Components 


% Relay Field Data 
Invited for Standards Program 


A summary report on the Eighth National Conference on 
Electromagnetic Relays held recently at Oklahoma State 
University. Included are the highlights of the five diversified 
papers selected for Relay Association awards, and further 
reports by the Relay Testing Committee spokesmen. 


Arnold E. Rudahl, Associate Editor, Ececrricat MANUFACTUR 
ING. 


Electrical Manufacturing 1960 july p 121 6% pp 


Components, Mechanical ‘Structural Your Clessificetion: 
Geors and Pinions 


* Critical Criteria for Precision Gears 


The pros and cons of the special and often hidden design 
considerations in selecting gear parameters for application 
in control systems and in data handling (computers) are 
discussed by an authority on gear design. Factors weighed 
include tolerances, gear quality classes, choice of pressure 
angle and of pitch, minimum number of teeth, and gear cutting 
factors. 


(. W Michalec, GPI Div of 
Pleasantville, N. Y. 


General Precision, Inc., 


Electrical Manufacturing 
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Design Considerations 
Reliability 


Your Classiticetion 


Reliability in Systems Design 


\ step-by-step procedure to be used in applying the principles 


of reliability theory to the practical design of a simple system 


M. I Miller, General Electric Co., Fort Wayne, Ind 


Electrical Manufacturing 1960 july p 107 5 pp 


Control 
Systems ond Servos 
Theory 


Your Classification 


A Medium-Speed 
Quasi-Reversible Counter 


Complementary reset principles are used in the design of a 
light-weight, low-power timer used to count pulses in missile 
and space-weapons systems. Theory explained by Boolean 
algebra. Triggering action of transistor flip-flop is heart of 
binary register. 


". 2s Shoop, 
Angeles, Calif. 


Technology Laboratories, Inc., Los 


Space 


Electrical Manufacturing 
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© Quick interpretations of feature-article content 


e Subject-classified annotated references for clipping and pasting on standard 3 x 5 cards 


* Reprints available—see pages 158 and 170 


For your copy of the ELECTRICAL MANUFACTURING Subject Classification for Indexing, circle Number 938 on postcard, at end of book. 


Computi Machines 
Co Design 
Design Engineering Applications 
Systems Applications 
Control 
Theory 


Your Classification: 


*%& Logic—and the 
Principles of Programming 


Programming techniques are based upon the principles of 
logical reasoning, expressed by a Boolean algebra and the 
propositional calculus. Basic principles are explained. Auto- 
matic programming and machine languages—designed for 
the scientist and engineer who has little knowledge of digital 
computers and who wants to write his own programs—are 
presented. Typical examples are given. 


A. M. Hilton, Associate Editor, Evectaica MANUFACTURING. 


Electrical Manufacturing 1960 July p 71 7% pp 


Moterials, Electrical Electronic 
Conductor Materials 

Components, Electrical Electronic 
Potentiometers 


Your Classification: 


Evaluation Techniques for 
Potentiometer Thin Films 


A description of test methods (plus typical test data) cover 
ing potentiometers with thin metal film resistive elements 
Tests are described for: linearity, resolution, noise, wiper 
shorting, wear characteristics and metal-transfer phenomena 
Film materials studied include: transition metal alloys, pre- 


cious- or noble-metal alloys, carbon and berocarbon, oxides, 
nitrides, and cermets 
} H. Layer, Battelle Memorial Institute, Columbus, Ohio 


Electrical Manufacturing 


1960 July p 112 5 pp 


Moteriais, Electrical Electronic Your Classification: 


Electrical Insuletion and Dielectrics 


Epoxy Resin Systems in 
High Reliability Transformers 


A report on epoxy resins systems to meet severe thermal, 
vibration, moisture and electrical performance qualifications 
for transformers. Test data for evaluation of materials under 
these conditions are presented. Materials and design param 
eters of resins-components systems are explored for optimum 
performance. 


L. A. Dixon Corporation, Olean, New York 


Electrical Manufacturing 1960 July p 132 3 pp 
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Design Considerations Your Classification: 


Nucleor Radiation Effects 
Components, Electrical /Electronic 
Semiconductor Devices 


* Nuclear Radiation Damage 
To Transistors 


Selected transistors were tested for reliability in an environ- 
ment equivalent to that of a nuclear explosion. Data were 
analyzed so that behavior of presently available transistors 
could be predicted and related to missile design. The mech- 
anism of damage is explained and data analysis for radiation 
damage is given in graphs and charts. 


Staff Report 


1960 July p 78 842 pp 


Electrical Manufacturing 


Materials, Electrical / Electronic Your Classification: 


Electrical Insulation and Dielectrics 


Environmental Evaluation Data for 
Silicone Encapsulants 


Various types of silicone encapsulating and potting compounds 
are described. Electrical and physical property data are given 
as derived by means of a simple and inexpensive test method. 
Effects of fillers, catalysts and cure cycles can also be evaluated. 


D. F. Christensen, Dow Corning Corp., Midland, Mich. 
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COMING UP... 


The August Science & Engineering insert, No. 20 in the series, 
will be on the subject of Mierowaves—Principles and 
Devices. Also covered in this issue will be: Solid-State 
Function Generator, Torque Values for Machine Screws, 
Printed Cables and Connectors, Part 1 of a two-part article 
on Designing Passive Networks & Tunnel Diodes, Mag- 
netic Amplifier Circuits, Digital Computer Applications, 
Silicon Transistor Logic Circuits and NOR Logic Switch- 
ing Cireuits, and another in our Metals Series—Zine Die 


Castings. 





Textolite /reliability 
/ 


in electronic instruments 


WHERE 
DEPENDABILITY 
COUNTS 


HEWLETT-PACKARD COMPANY 


specifies 


Blextolite 1553 


copper-clad laminate 


Photos of model 185A oscilloscope courtesy Hewlett-Packard Company) 


The Hewlett-Packard Company has developed a sampling oscilloscope 


that has a rise time of less than 0.7 millimicroseconds. Known as Model 
ISSA, it is highly useful wherever pulse analysis of fast circuits can speed 
engineering, research, design, or performance testing 

Because of the extreme accuracy demanded of the ISSA, etched circuits 
must be absolutely dependable. Base laminate requirements, according to 
Hewlett-Packard. were: “high bond strength, low water absorbtion and 
high insulation resistance Tests proved the reliability of G-E Textolite 
11558 copper-clad laminates for the application 

Easy-to-machine, 11558 is a NEMA G-10 glass-epoxy laminate available 
copper-clad on one or both sides. It combines extremely high mechanical 
strength with excellent electrical properties and resistance to moisture. 


G-E engineered cleanliness assures a smooth continuous copper surface. 


For information on 11558 copper-clad or information on the complete 
line of Textolite laminates consult Sweet's Product Design File, Cat. 
2b/Gen., or write: Laminated Products Department, Section EM-70, 


General Electric Company, Coshocton, Ohio 


Progress 's Our Most Important Product 


GENERAL G@ ELECTRIC 


COSHOCTON, OHIO 


COMMUNICATIONS 
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Edited by Arex E. Javirz, Special Features Editor 


Energy Conversion and Batteries 


Highlight Power Sources 


The generation of energy to be utilized 
in space vehicles of all kinds has be- 
come a problem of prime importance 
in many areas of the electrical industry. 
The variety of power sources that has 
been, and is being, developed covers 
such a wide variety of technologies that 
it was not surprising to find the Four- 
teenth Annual Power Sources Confer- 
ence, held May 17-19. well-attended by 
electronics experts, chemists, metallur- 
gists, and physicists. The Conference, 
sponsored by the Power Sources Divi- 
sion of the U. S. Army Signal Research 
and Development Laboratory, laid par- 
ticular stress on the “exotic” energy 
conversion systems for space vehicles 
but also covered, in detail, the latest 
developments in the more conventional 
primary and secondary batteries. 

* Power sources for space vehicles 
take the form of complete regenerative 
systems. They are of two types: those 
that contain their own primary source 
of energy and those that receive na- 
tural energy from external sources. The 
prime example of the latter is, of 
course, the solar energy system and a 
number of papers at the conference 
dealt with such systems. Advances in 
the development of solar cells, the heart 
of the solar conversion system, have 
been greatly speeded by recent work 
in all phases of semiconductor tech 
nology. Cells with areas of 1 sq in. or 
more have been developed of silicon 
diffused with boron. Evaporation tech- 
niques and vapor-deposition are being 
investigated to reduce the cost and 
increase the efficiency of solar cells. 

e An equally important part of a 
solar energy conversion system is the 
reflector used to concentrate the sun's 
rays to achieve maximum efficiency. 
The best shape for such a mirror is, of 
course, the paraboloid and the chief 


THIS MONTH'S RESEARCH NOTE 


@ Man-Computer Symbio: 
A Problem 


JULY 1960 


Conference 


problem in its design is to obtain a 
structure which will be as small as pos- 
sible during launching and as large 
as possible once the vehicle is in flight. 
Various means of folding and telescop- 
ing are being devised, including two 
identical dishes hinged like an oyster 
shell and a single dish composed of 
radial leaves hinged at the center. The 
controls for unfolding such arrange- 
ments and for maintaining the proper 
shape once they are open present many 
interesting problems. The materials 
used in such dishes are almost certain 
to be metals. Plastics have been found 
to be too adversely affected by envi- 
ronmental conditions in space. 

e The solar conversion system may 
utilize a mercury-vapor turbine gen- 
erator to charge either conventional 
batteries or fuel cells. The latter are 
being developed in a variety of types, 
including hydrogren-oxygen units, li- 
quid fuel cells, and ion-exchange mem- 
brane cells. 

@ Power-generation systems contain- 


Components of the 
ceramic gas bear- 
ing gyro: left to 
right, front, end 
bell, motor stator 
and shaft, balance 
ring, and second 
end bell. Rear, part 
of ceramic gimbal 
and motor assem- 
bled in other por- 
tion of gimbal. 


ing their own primary source are of 
various types. One of those described 
at the Conference uses a nuclear re- 
action to generate heat, which is then 
converted to electricity either thermo- 
electrically or thermionically. Others 
utilize the chemical energy developed 
in a solid-fuel rocket engine. —J.R.R. 


Ceramic and Gas Bearings 
in Gyro Development 


The inherent accuracy of a gyroscope, 
the heart of an inertial guidance sys- 
tem, depends on two possible sources 
of error. One is encountered in the 
friction torques developed in the gim- 
bal suspension system. Oil flotation of 
the gimbal has greatly reduced this 
problem and other advanced develop- 
ments such as pressurized air suspen- 
sion, hydrostatic fluid supports, mag- 
netic suspension, and electrostatic sus- 
pension promise possible further im- 
provement. 

The second source of error is loosely 
known as “drift” and results from a 
number of conditions, including gimbal 
unbalance, electromagnetic reactions in 
the pick-off, elastic restraint of the 
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flexible leads supplying power for the 
gyro motor, or the complex responses 
of the gyro under vibration. All of these 
sources result in unwanted torques on 
the gimbal and many of them are con- 
sistent and repeatable, which means 
that they can be balanced out by trim 
adjustments. Some of the unwanted 
torques cannot be compensated for, 
however, since they are inconsistent. 
One of these is caused by wear, shift, 
hysteresis, stress and strain encountered 
in the ball bearings normally used in 
the gyro spin motor. 

In a newly developed gyro, Minne- 
apolis-Honeywell has substantially 1e- 
duced drift error by substituting a 
bearing system which combines a new 
ceramic material with pressurized gas 
bearings. As shown in the figure, the 
new gyro motor has end bells, shaft. 
supporting ring and gimbal made of 
the new ceramic. The motor is her- 
metically sealed inside the gimbal in 
an atmosphere of helium. When the 
motor rotates, the gas is 
through ports in the flanges of the end 
bells and is forced out around the ends 
of the shaft. The film of gas at the 
bearing points is 25 millionths of an 
inch thick. While it is virtually friction- 
free, the gas is under sufficient pres- 
sure to make it stiffer than steel ball 
bearings. Vibration is decreased by a 
ratio of 30 to 1 over conventional bear- 
ings. 

The new ceramic materia! is rugzed 
enough to be cleaned in hydrochloric 
acid to remove sub-microscopic par- 
ticles and is finish-ground. after final 
firing at 3200 F, with diamond com- 
pounds. In stability tests through a 
temperature range from —85 _ to 
+1500 F, the material retained its 
original shape within 2 millionths of 
an inch. Tolerances on some parts of 
the new gyro are held to less than 3 
millionths of an inch. The ceramic is 
also used to advantage as a bonding 
material in assembling the metallic 
parts of the motor stator. The gas bear- 


drawn in 


Research Note 


ing gyro is 2.817 in. long, 2 in. in diam 
and weighs 8 oz. 


Electron Irradiation 
Of Solids 


A patented technique (U. S. Patent No. 
2,911,533), currently made available 
by the U. S. Atomic Energy Commis- 
sion on a non-exclusive, royalty-free 
basis, offers a precise method for in- 
creasing the number of vacancies in 
certain classes of metals, alloys and 
semiconductors. It is therefore possible 
to change to a controlled degree the 
physical properties of these materials 
(for example, resistivity or hardness). 
The technique high-energy 
electron irradiation and temperature 
control. In the process, the irradiation 
produces additional vacancies in a solid 
occurring at a 
given temperature and allows diffusion 
of the component atoms of the solid 
to proceed at temperatures at which 


involves 


over those normally 


it would not occur under thermal means 
alone in any reasonable length of time. 

The total of AEC-held patents made 
available for public use to date has 
now reached 2260 items. How to ob 
tain non-exclusive royalty-free rights to 
any of these patents is described in 
“USAEC Patents Available for Licens- 
ing,” a four-page leaflet No. TID-4557 
(Ist Rev.) available from the AEC 
Technical Information Service, Wash- 
ington 25, D. C. 


implementing Research 
Efforts in Plastics 


Important steps have been taken re 
cently by the Department of Defense 
to meet the need for the rapid and 
effective dissemination of accurate de 
sign information relating to plastics 
A central Plastics Evaluation Center 
(PLASTEC) has been established at 
Picatinny Arsenal, Dover, N. J., with 
the assigned function of (a) accumu- 
lating, organizing and evaluating the 
great volume of data being generated 
through basic and applied research in 
plastics, and (b) passing on such in- 
formation in concentrated form to de- 
sign engineers. PLASTEC will operate 
under the direction of the Office of the 
Director of Defense Research and En- 
gineering. Its detailed responsibilities 
are as follows: 


1. Through its staff of specialists, 
PLASTEC will collect, evaluate, dissemi- 
nate and store available technical informa- 
tion on the current status of development, 
engineering and application work in the 
following areas of plastics: structural, elec- 
trical, packaging and mechanical. 

2. It will supplement established serv- 
ice activities in providing technical ad- 
visory services and assist in solving 
problems for producers, converters and 
fabricators of plastic, and to designers 
and fabricators of military equipment 
containing plastics. 

3. As it becomes more familiar with all 
phases of the plastics program, PLASTEC 
will endeavor to identify areas where 
additional effort in the R&D program is 
needed 

4. PLASTEC will be available to assist 
the Government agencies and their con- 
tractors in exchanging data on plastics 
which may be used in the preparation of 
specifications and standards. 

5 Although PI ASTEC itself will not 
normally conduct laboratory investigations 
or perform basic research, on specific 
assignment by the Department of Defense, 
it may conduct short-range surveys or 
laboratory investigations in support of its 
information function 


Gallium Arsenide 
Research in England 


Research activities at the Services 
Electronics Laboratory in England have 
resulted in the production of single- 
crystal gallium arsenide containing a 
maximum of 5 * 10°* impurity atoms 


per cu cm. Further improvements in 


the purity level are expected. The 


floating-zone has been the primary 
technique employed. At the recent ex- 
hibition of the Physical Society, single- 
crystal rods were exhibited by S.E.R.L. 

Theoretically, S.E.R.L. points out, a 
lifetime for minority carriers in GaAs 
should be comparable with lifetimes in 
silicon and germanium, provided ad- 
ditional purity and crystalline perfec- 
tion can be achieved. An electron mo- 
bility approaching 10,000 cm*® volt? 
sec"' together with an energy gap ex- 
ceeding silicon should place GaAs in 
position in the field of 
transistors and rectifiers. At 
present, however, the best GaAs has a 
lifetime in the region of 10°°° sec and 
advantage cannot be ex- 


a favorable 
power 


the mobility 
ploited 


Man-Computer Symbiosis—A Problem in Cooperative Interaction 


“MAN-COMPUTER SYMBIOSIS” is an expected 
development in cooperative interaction 
between men and computers. The term 
is derived from the definition* of the word 
symbiosis as the “living together in inti- 





® Webster's New International Dictionary, 204 Ed., 
G. and C. Merriam Co., Springfield, Mass., p 2555 
(1958). 
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mate association, or even close union, of 
two dissimilar organisms.” It implies a 
subclass of the man-machines system, since 
it will involve very close coupling between 
the human and the electronic members of 
the partnership. The main objectives are: 
(1) to let computers facilitate formulative 
thinking as they now facilitate the solution 


of formulated problems, and (2) to enable 
men and computers to cooperate in making 
decisions and controlling complex situa- 
tions without inflexible dependence on 
predeterminated programs. 

In the anticipated symbiotic partnership, 
men will set the goals, formulate the 
hypotheses, determine the criteria, and 
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perform the evaluations. Computing ma- 
chines will do the routinizable work that 
must be done to prepare the way for 
insights and decisions in technical and 
scientific thinking. Preliminary analyses 
indicate that the symbiotic partnership 
will perform intellectual operations much 
more effectively than man alone can per- 
form them. Prerequisites for the achieve- 
ment of the effective, cooperative as- 
sociation include developments in computer 
time sharing, in memory components, in 
memory organization, in programming 
languages, and in input and output equip- 
ment, 

Two aspects of this concept are of 
particular interest to engineers who may 
be concerned with the design or use of 
information-handling machines: 

a. the distinction between the (by now) 
classical concept of the man-machine 
system and that of man-computer 
symbiosis 

b. existing limitations in input and 
output equipment (displays and con 
trols) that are needed to implement 
the symbiotic concept. 


Comparison with Man-Machine Systems 


In man-machine systems of the past, 
the human operator supplied the initiative, 
the direction, the integration, and the 
criterion. The mechanical parts of the svs 
tems were mere extensions, first of the 
human arm, then of the human eve. These 
systems certainly did not consist of “dis- 
similar organiems living together ” 
There was only one kind of organism 

man and the rest was there only to 
help him. The machine was, in effect, a 
“mechanically extended man.” 

In one sense, of couree, any man-made 
system is intended to help man to help 
a man or men outside the system. If we 
focus upon the human operator(s) within 
the system, however, we sce that, in some 
areas of technology, a fantastic change has 
taken place during the last few years 
“Mechanical extension” has given way to 
replacement of men, to automation, and 
the men who remain are there more to 
help than to be helped. In some instances, 
particularly in large computer-centered 
information and control systems, the human 
operators are responsible mainly for func 
tions that it has proved infeasible to auto 
mate. Such systems (they might be de 
scribed as “humanly extended machines”) 
are not symbiotic systems. They are “semi 
automatic” systems, systems that started 
out to be fully automatic but fell short 
of the goal. 

Man-computer symbiosis is probably not 
the ultimate paradigm for complex tech- 
nological systems. It seems entirely pos- 
sible that, in due course, electronic or 
chemical “machines” will outdo the human 
brain in most of the functions we now 
consider exclusively within its province 
There will nevertheless be a fairly Jong 
interim (estimates range from 5 to 15 
years) during which the main intellectual 
advances will be made by men and com. 
puters working in intimate association, 


Input and Output Equipment 
(Displays and Controls) 


The department of data processing that 
seems least advanced, insofar as the 
requirements of man-computer symbiosis 
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are concerned, is the one that deals 
with input and output equipment or, as 
it is seen from the human operator's 
point of view, displays and controls. This 
statement, of course, requires some quali- 
fication, since the engineering of equip- 
ment for high-speed introduction and 
extraction of information has been excel- 
lent, and because some very sophisticated 
display and control techniques have been 
developed in such research laboratories 
as the Lincoln Laboratory. By and large, 
in generally available computers, however, 
there is almost no provision for any more 
effective, immediate man-machine com- 
munication than can be achieved with an 
electric typewriter. 

Displays seem to be in somewhat better 
state than controls. Many computers plot 
graphs on oscilloscope screens, and a few 
take advantage of the remarkable capa- 
bilities, graphical) and symbolic, of the 
charactron display tube. Nowhere, to my 
knowledge, however, is there anything ap- 
proaching the flexibility and convenience 
of the pencil and doodle pad or the chalk 
and blackboard used by men in technical 
discussion. 

Desk-Surface Display and Control. 
Certainly, for effective man-computer in- 
teraction, it will be necessary for the 
man and the computer to draw graphs and 
pictures and to write notes and equations 
to each other on the same display surface. 
The man should be able to present a func 
tion to the computer, in a rough but 
rapid fashion, by drawing a graph. The 
computer should read the man’s writing, 
perhaps on the condition that it be in 
clear block capitals, and it should im- 
mediately post, at the location of each 
hand-drawn symbol, the corresponding 
character as interpreted and put into 
precise typeface. With such an _ input- 
output device, the operator would quickly 
learn to write or print in a manner legible 
to the machine. He could compose in- 
structions and subroutines, set them into 
proper format, and check them over be- 
fore introducing them finally into the 
computer's main memory. He could even 
define new symbols, and present them 
directly to the computer. He could sketch 
out the format of a table roughly and 
let the computer shape it up with precision. 
He could correct the computer's data, 
instruct the machine via flow diagrams, 
and in general interact with it very 
much as he would with another engineer, 
except that the “other engineer” would 
be a draftsman, a_ lightning 
calculator, a mnemonic wizard, and many 
other valuable partners all in one. 

Computer-Posted Wall Display. In 
some technological systems, several men 
share responsibility for controlling ve- 
hicles whose behaviors interact. Some 
information must be presented simulta- 
neously to all the men, preferably on a 


precise 


common grid, to coordinate their actions. 
Other information is of relevance only to 
one or two operators: There would be 
only a confusion of uninterpretable clutter 
if all the information were presented on 
one display to all of them. The informa- 
tion must be posted by computer, since 
manual plotting is too slow to keep it up 
to date. 

The problem just outlined is even now 
a critical one, and it seems certain to 


become more and more critical as time 
goes by. Several designers are convinced 
that displays with the desired char- 
acteristics can be constructed with the aid 
of flashing lights and time-sharing viewing 
screens based on the light-valve principle. 

The large display should be supple- 
mented, according to most of those who 
have thought about the problem, by indi- 
vidual display-control units. The latter 
would permit the operators to modify the 
wall display without leaving their loca- 
tions. For some purpose, it would he 
desirable for the operators to be able 
to communicate with the computer through 
the supplementary displays and perhaps 
even through the wall display. At least 
one scheme for providing such communica- 
tion seems feasible. 

The large wall display and its associated 
system are relevant, of course, to symbiotic 
cooperation between a computer and a 
team of men. Laboratory experiments have 


_ indicated repeatedly that informal, paral- 


lel arrangements of operators, coordinating 
their activities through reference to a 
large situation display, have important 
advantages over the arrangement, more 
widely used, that locates the operators at 
individual consoles and attempts to cor- 
relate their actions through the agency of 
a computer. This is one of several oper- 
ator-team problems in need of careful 
study. 


Automatic Speech Production 
and. Recognition 


How desirable and how feasible is devel- 
opment of speech communication between 
human operators and computing ma- 
chines? That compound question is asked 
whenever sophisticated data-processing 
systems are discussed. Engineers who 
work and live with computers take a 
conservative attitude toward the desira- 
bility. Engineers who have had experience 
in the field of automatic speech recogni- 
tion take a conservative attitude toward 
the feasibility. Yet there is continuing 
interest in the idea of talking with com- 
puting machines. If computing machines 
are ever to be used directly by top-level 
decision makers, it may be worthwhile to 
provide communication via the most 
natural means, even at considerable cost. 

For real-time interaction on a _ truly 
symbiotic level, however, a vocabulary of 
about 2000 words (e.., 1000 words of 
something like basic English and 1000 
technical terms) would probably be re- 
quired. That constitutes a challenging 
problem. In the consensus of acousticians 
and linguists, construction of a recognizer 
of 2000 words cannot be accomplished now. 
However, there are several organizations 
that would happily undertake to develop 
an automatic recognizer for such a 
vocabulary on a_ five-year basis. They 
would stipulate that the speech be clear 
speech, dictation style, without unusual 
accent, 


J. C. R. LICKLIDER 
Bout, Beranek anp Newman, Inc. 
Cambridge, Massachusetts 
Editor's Note: This Research Note is 
a condensation of the paper “Man-Com- 
puter Symbiosis,” published in the /RE 
Transactions on Human Factors in Elec- 


tronics, March 1960. 
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/YOU CAN 
/STAKE YOUR - 
REPUTATION ON 


every aspect of Ward Leonard bulletin “HR” relays is designed for maximum 
reliability ... these are components you can buy, install and then forget 


Ward Leonard “HR” 
neered for industrial and electronic 


relays are engi- 
applications requiring: ultra-long life, 
high speed, high reliability, compact- 
ness and versatility. 

Consider the powerful solenoids, just 
one of the features shown above. Every 
HR relay, AC or DC, is equipped with a 
powerful solenoid to assure fast, con- 
sistent, long-life operation so essential 
in the circuitry of any high reliability 
relay. The “E-I” laminated magnet ar- 


mature is free-floating and self-align- 
ing to minimize noise level. DC solenoids 
fast 
Nylon armature guides minimize oper- 
ational friction. All AC 


plants are 


feature exceptionally operation. 


and DC power 
readily interchangeable. 

2 to 8 pole “HR” 
five W/L 
lays ... all designed with emphasis on 
reliability. Write for bulletin 4470. 
Ward Leonard Electric Co., 34 South 
Street, Mount Vernon, N.Y. + e.1 


relays are but one of 
lines of industrial power re- 
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How to Use Vulcanized Fibre for Electrical Insulation 


While all standard grades of Vulcanized 
Fibre can be used for many electrical in- 
sulating applications, the more exacting 
uses call for Spaulding’s Electrical Insula- 
tion Grade — Armite. 

Spaulding Armite is produced in thick- 
nesses of 1/32 inch and under with a con- 
sistently higher dielectric strength than is 
available in other grades of fibre. 

Special technical control of the manu- 
facture of Armite makes it possible to 
combine this higher electrical quality with 
exceptional durability and forming quali- 
ties. Thus, Armite is particularly well 
suited for a wide range of both electrical 
and mechanical applications. 

These uses include formed armature 
bonnets to insulate the windings from lead 
wires to the commutator, as well as for 
slot cell insulation in small armatures. In- 
dustry has also found extensive use for 
Armite in small, fractional horsepower 
motors. Here it is used in formed top 
sticks or wedges to insulate and anchor 
wires securely in the slots. 

In “Barrier Insulation,” the term used 
by Underwriters Laboratories for electrical 
insulation between live metal parts and 
adjacent live or ground metal parts, Armite 
finds one of its broadest applications. In 
this use, Armite insulators line the metal 
housing of electrical devices where space 
by itself is insufficient to provide gap 
insulation. 

These Armite liners or “barriers” can be 
designed to accommodate almost any 
straight line contour. In .015” or .020” 
gauge Armite, fold lines are established 
economically by creasing in a puncii press 
operation. 

In thicker Armite, such as the more 
commonly used 1/32”, score lines are 
punched in a fast punch press operation. 
This permits folding to fit neatly inside 
the housing box. Whether creased or 
scored, Spaulding ships these parts flat and 
ready to be formed easily by hand for 


insertion. 
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by Earl A. Russell, Chief Engineer, Spaulding Fibre Company, Inc. 





For barrier insulation os switch box liner, 
Armite is creaséd in punching operation for 
rapid hand forming. 


In these, as in a vast range of other 
applications, Spaulding Armite makes 
it possible to design and execute fin- 
ished assemblies of assured electrical 
qualities without sacrificing economy. 


SENT FOR YOURS YET? 


SPAULDING’'S FREE NEW REFERENCE BOOK 
DEVOTED EXCLUSIVELY TO 
ENGINEERING DATA ON VULCANIZED FIBRE 


366 Wheeler Street 
Tonawenda, New York 


i 
| 
! 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| Name 3 
| 

| 

| Firm. 

| 

| 

| Address 

| 

ee 

| City 
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SPAULDING FIBRE COMPANY, INC. 


Please bring my engineering file up to date by sending a free copy of 


Spaulding’s “Vulcanized Fibre Engineering Data.” 





For barrier insulation os removable terminal 
cover scored ond formed, Armite is held in 
shape with eyelets and in ploce with indent 
ot base. 


Armite’s superior dielectric properties, 
coupled with good forming and struc- 
tural stiffness, have made it the tradi- 
tional choice of designers throughout 
the electrical industry. 
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Why you can buy | 
TOLEDO | 


COMMUTATORS | 
for less than the cost 

of manufacturing 

YOUT OWN........ 


Toledo Commutator Co. can deliver 
the finest quality precision commu- 
tators and collec- 
tor rings, on schedule, for less actual 
money than it costs to manufacture 
your own for two reasons: One— 

our engi- 
neering, our shops, our production 
lines and our inspection procedures 
are geared only to the manufacture 
of commutators and collector rings. 


Two— when 


you buy your commutators and 
collector rings from us, you need no 


investment in extra equipment or 


inventory and have no scrap. 


If your product requires a commu- 
tator or collector ring and you are 
presently manufacturing your own, 
it will pay you to consult a Toledo 


Commu- 





tator engineer or write, today, for 
prices and 


catalog #65. 


toledo 


commutator co. =» 
Owosso 6, Michigan 





quality products 
since 1895 | 
| 
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Random Comments of the Editors and Readers 


They are Lively Materials and 
Components Lads in England 


To those of us who hold stoutly to the 
conviction that it still takes basic ma- 
terials and build ma- 
chines and appliances, it comes as heart- 
ening that our realistic British 
cousins are planning a meaty five-day 
international Compo- 
nents and Materials Used in Electronic 
Engineering,” June 12 and 17, 1961, in 
Central Hall, Westminster, London, un- 
der the sponsorship of the British In- 
stitution of Electrical Engineers. 

The program will fall into three main 
divisions: 


components to 
news 


“Conference on 


1. Materials: The preparation, and 
the physical and electrical properties, 
of resistive, dielectric, magnetic, piezo- 
electric, ferroelectric, magnetostrictive, 
photosensitive, etc., materials and their 
application to modern components; 
constructional materials such as boards 
for printed wiring and soldering and 
encapsulating materials. 

2. Components: Fixed and variable 
resistors, potentiometers, capacitors and 
inductors, transformers, transductors, 
switches, relays, plugs, sockets and con- 
tacts; small motors and _ synchros; 
equipment wiring, r-f connecting cables 
and fuses; potted and printed-circuit 
components and modular structures. 
Special emphasis will be placed on new 
techniques of measurement, reliability 
and the effects of extreme operating 
conditions. 

3. Assembly Techniques: Miniaturi- 
zation and microminiaturization, meth- 
ods of automatic assembly, wrapped 
and crimped connections. 


As recent conventions have dealt with 
thermionic devices, transistors and as- 
sociated semiconductor devices, these 
topics will not be included in the scope 
of the conference, nor will their appli- 
cations, except where a reference there- 
to is essential to a description of the 
nature of components or materiais. 

—A.E.J. 


Words about Words 


“We were scribbling instead of building 
ships. . .” Thus Vice Admiral Rickover 


recently summarized his complaint that 
his time and that of other scientists is 
wasted by administrative fiat. “A short 
New York 
Times report, technical 
men were doing paper work ordered 
from above: we had diffe ulty releasing 
one of them from his writing chores to 
deal with an urgent technical problem.” 

On the surface, this statement seems 
to conflict with the common pleas for 
better communication, “Most urgent” 
technical tasks may very well be writ- 
ing, speaking and teaching. The roots 
of the apparent dilemma, of course, are 
in the word-symbols and their weights. 
“Scribbling” and “paper-work” are 
both derogatory terms; certainly com- 
petent technical people should not be 
loaded with routine report writing, bud- 
buck-passing, and other 
mis-use of their technical skills to 
lighten the burdens of administrative 
persons and to relieve the latter of all 
need to at least try to understand some 
of the matters they are supervising. 
This does not mean that there is not 
an ever-growing need for more and bet- 
ter recording, translating, interpreting 
and teaching at our very best technical 
levels. 

Judgment is needed, and here is the 
real and all-pervading problem: the 
judgement that is needed for assign- 
ment and use of scarce technical skills 
can be exercised properly only by per- 
sons who themselves have profound 
technical understanding. Top technical 
people usually shun administrative du- 
ties, leaving them to the less qualified. 
The latter thrive on reports and esti- 
mates, which unfortunately must have 
some tenuous relation to the technical 
facts. This demands diversion of the 
time and attention of the very scientists 
who should be making policies and de- 
cisions instead of merely stuffing them 
with technical words ——A.E.R. 


time ago,” he said, in a 


“very senior 


get-estimate 


The Mensuration Bit 

It’s a pretty well established truism 
that, if you don’t know what you're 
trying to measure, you won't get the 
right answer. In these days of sky- 
rocketing demands for accuracy, it’s 
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“We specify | 


CROUSE/HINDS 


Explosion-Proof Equipment 


for our jet-engine fuel-test stands” 










FLIGHT SUPPORT ‘ 
say§ Flight Support, Inc. 
tuchen, New Jersey 


wc 


OFFICES. A 


RESIDENT REPRESENTATIVES: Albon 
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Left: Rear of mobile test 
stand with Crouse-Hinds 
explosion-proof enclosures 
for instruments and other 
components. Background 
photo: Permanent 
test-stand installation. 






“Our Fuel Test Stands handle highly volatile and 
ignitible fuels. They must be completely explosion-proof 
throughout . . . particularly the electrical components. 


“We specify Crouse-Hinds Explosion-Proof Electrical 
Equipment for two reasons: Their wide range of equipment 
gives us just what we want. And their technical 
assistance in applying their products to our specific 
needs fills our requirements in every detail. 


“We are satisfied with the performance of this equipment 
for a very good reason—because our customers are satisfied.” 


For the product selection and technical assistance that 
helps build customer satisfaction, call any of the 
Crouse-Hinds offices listed below. If you do not have our 
catalog, ask for it during your call . . . or write us direct. 





s Christi Dollas Denve etroit Houst spolis Kansas City 
. ske City sa Washington 
Richmond, Va 


Mexico ty, OF Peterco, Seo Pav B 
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Two New Models 
High Current 
Solid State 
Power Supplies 


MAGITRAN 


Mode! TR36-30M 

Output Voltage 0-36 VDC, 
Output Current 0-30 amperes, 
$1295 FOB Factory 


Model TR36 SOW 

Output Voltage 0-36 VOC, 
Output Current 0-50 amperes, 
$1805 FOB Factory 


Both models with 105-125 VAC input, 
60 cps, Line Regulation +-0.05% 
Load Regulation +0.1%, Rippie 0.01% RMS 


IMlustration Model TR36-30M with dust cover removed 


®Reg. VU. S. Pat. Off. 


Write for Complete Technical Bulletin 


ELECTRONIC RESEARCH ASSOCIATES, INC. 


67 Factory Pl., Cedar Grove, N. J. e@ CEnter 9-3000 «© TWX NJ1144 
SUBSIDIARIES 
Era Electric Corp. * Era Pacific Inc. * Ero Dynamics Corporation * Advanced Acoustics Corp. 


See these Products at the 1960 WESCON Convention Booth No. 938-939 
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even more important that those who are 
concerned with standards and calibra- 
tions for measurements should be wel 
versed in their trade. 

It was a source of encouragement, 
therefore, to learn that General Radio 
was recently conducting a seminar fo: 
industry personnel who are concerned 
with measurements and maintaining 
standards. (This was the second such 
seminar, the first being conducted a 
few months ago for representatives of 
various branches of the government.) 
It was also a pleasure to be invited to 
“sit in” on one afternoon's session of 
the 34-day meeting and observe the 
business-like way in which the approxi- 
mately 30 registrants joined in discus- 
sion with General Radio's experts and 
participated actively in workshop ses- 
sions in the company’s laboratories. The 
particular theme of the seminar was 
establishing capacitance and inductance 
measurements at low frequencies. 

While we're on the subject of this 
visit, if you're ever in the vicinity of 
West Concord, Mass., we commend 

(Continued on page 168) 


THIS MONTH’S COVER 





Relationships of mass, motion, and time 
are important considerations for the en- 
gineer whether he is examining circuits, 
vibration, heat flow, or suspension — all 
of which are problems concerned, essen- 
tially, with the propagation of waves in 
continuous media. Cover artist, Evectrn- 
cat Manuracruninc Art Director Jan 
Van Eerde, symbolizes the interaction of 
mass and motion as a pendulum and adds 
to it the fourth dimension — time — sym- 
bolized by the sun dial which is the old- 
est measure of time and yet as modern 
as the one shown on this month’s cover. 
How this relationship can be symbolized 
mathematically is the subject of the July 
Science and Engineering article, “Basic 
Differential Equations,” starting on page 
87. 
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We promise you. a repl telephone or wire within 48 hours after receipt of your inquiry! 


new openings 
In space age 
electronic projects 


Hughes Engineering Division 


a: 


7 ewe. ~ _ 
¥ » 


HUGHES ENGINEERING Mel. 


Robert A 


HUGHES 


ENGINEERING DIVISION 


ADORESS 


COLLEGE DEGREE 


1 am interested in one of the following types of assignments: 


[] RESEARCH [ ] PROTOTYPE DESIGN oy SYSTEMS ANALYSIS [] OTHER: 


ADVANCED 
[_] vevevopmenr (J téchnicat ptanning [_] Systems vesicn LJ 


I have had professional experience in the following specific areas: 


CIRCUIT ANALYSIS ca ELECTRO-MECHANICAL 
eS ? STRESS ANALYSIS [] RF circurrs Ts 


IN TRIA 
[_] bicitat computers tuaanee [_] Reuiasiuity 


[] GUIDANCE DEVICES [ ] INFRARED ce) INERTIAL GUIDANCE 


[] MICROWAVES [] SYSTEMS ANALYSIS 7 INSTRUMENTATION 


1 have had a total of___ years experience. 
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Now one film wire can 
replace six or more 
standard films... 


IT's PHELPS DODGE 


Another Example of Phelps Dodge 
Applied Research! 


In developing POLY-THERMALEZE, the indus- 
try's first multipurpose magnet wire, Phelps 
Dodge has made a major contribution to the 
electrical equipment field. This polyester film 
wire combines the outstanding properties of 
six or more conventional wires for motor, coil, 
dry type transformer use. POLY-THERMALEZE 
does not sacrifice one property for another— 
is completely balanced in all. It offers a ready 
means of reducing cost by standardizing 
inventory to one wire for most applications. 


Any time your problem is magnet wire, 
consult Phelps Dodge for the quickest, surest answer! 


FIRST FOR 
LASTING QUALITY 
Late) ) 
le ee 


PHELPS DODGE COPPER PRODUCTS 


CORPORATION 
INCA MANUFACTURING DIVISION 
FORT WAYNE, INDIANA 
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Now, S3KF reduces the noise level 
of ball bearings by 50%! 


New 0S ball bearings run twice as quietly as 
standard single-row deep-groove bearings — six 
times more quietly than bearings produced just two 


years ago. 


They're designed especially for applications where 
noise is an important factor. Eight manufacturers, 
who use-tested them for over a year, now back-up 


their approvals with repeat orders 
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Every bearing meets new, more critical standards. 
Each type and size meets special requirements for 
reduced vibration. Every ball meets very low wavi 
ness limits. Each cage meets critical standards for 


smooth, quiet performance. 


SOF will make a comparison check of these im- 
proved bearings against the bearings you're now 
using. See for yourself! Just call the SSF branch 


ofhce nearest you, 6013 


tveny Tree -eveer vee 
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For complete listing of our 700 
stock items (300 hermetic) 
write for catalog. 


HVC Hermetic 


Variable inductors 


A step forward from our long es- 
tablished VIC series. Hermetically 
sealed to MIL-T-27A... extremely 
compact...wider inductance 
range... higher Q... lower and 
higher frequencies... superior 
voltage and temperature stability. 
Case 25/32 x 1% x 1 7/32, 2 o2. 


MQ Series 
Compact Hermetic 
Toroid inductors 


The MQ permalioy dust toroids 

combine the highest Q in their 

ee class with minimum size. Stability 

from 7 Mhy. is excellent under varying volt- 

to 22 Hy mMaD age, temperature, frequency and 

\ | ewieutecety chebittte i> vibration conditions. High perme- 

ductors for 12KC to 130KC ability case plus uniform winding 

. range. Typical Q is 170 @ affords shielding of approximately 
from 10 Mhy. 50KC. 6 stock values from 80 db. 

to 25 Hy. 2 mhy. to 20 mhy. 


mQB 
12 stock values 


DI inductance Decades 


These decades set new standards of Q, 
stability, frequency range and convenience. 
Inductance values laboratory adjusted to better 
than 1%. Units housed in a compact die cast 
case with sloping panel ideal for laboratory use 
«42x 4% x 2% high. 


NI 
a 
La 
| FFT I 
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Di-1 Ten 10 Mhy. steps. 
DI-2 Ten 100 Mhy. steps. 
01-3 Ten 1 Hy. steps. 
BI-4 = Ten 10 Hy. steps. 


VIC variable inductors 


The VIC Inductors have repre- 
sented an ideal solution to the 
problem of tuned audio circuits. 
A set screw in the side of the 
case permits adjustment of the 
mductance from +85% to —45% 
of the mean value. Setting is 
positive. 

Curves shown indicate effective 
Q and L with varying frequency 
and applied AC voltage. 


, 
a 
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VIC case structure 
Length Width Height Oz. 
1-1/4 9 1-11/32, 7/16 8-1/2 


SPECIAL UNITS 
TO YOUR NEEDS 
Send your specitications 
for prices. 
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New Century Electric motor 
starts on 50% 


Here is the answer to power company 
limits on starting current for single phase 
motors .. . a new Century Electric capa- 
citor-start motor with a really low starting 
current. In the 20 hp size the starting cur- 
rent is 220 amps .. . as low as that for a 
normal 10 hp motor. 


Applications — This capacitor-start, 
capacitor-run motor provides dependable 
starting and operating power for crop dry- 
ers, large irrigation pumps, hay dryers and 
machines started on an open clutch. Be- 
cause of the high cost of running three 
phase power to isolated areas, most utilities 
prefer to supply single phase power . . . and 
this new motor means that users can have 
sufficient single phase horsepower for this 
type of equipment. 


Specifications — You can get this new 
Century Electric motor in 74% to 20 hp 
sizes. It is available in 1200 and 1800 rpm 
speeds at 230 volts. Totally-enclosed, drip- 
proof and explosion-proof enclosures are 
also available. Mounting dimensions are 
shown on the chart below. 


less current 


Design features — Wire insulation on 
the new Century Electric CPF motor is 
vinyl acetal resin . . . slot cell insulation is 
bonded “Mylar” . . . combination gives 
tough mechanical protection, high dielec- 
tric strength and resistance to moisture. 
Motor is smooth and quiet running because 
of rigid cast iron frame. Rotor lamination 
is skewed for smooth start and quiet opera- 
tion. High pressure aluminum casting gives 
rotor winding bars high density. Capacitor 
box comes in separate weather-protected 
enclosure . . . means it can be mounted 
conveniently next to control device or 
wherever space can be best utilized. 


For more information on this new ca- 
pacitor motor contact 
your nearest Century 
Electric Sales Office or 
Authorized Distributor. 
For detailed informa- 
tion on motor applica- 
tions write for the new 
Century Electric Motor 
Application Guide . 
bulletin 270A. 


CENTURY ELECTRIC COMPANY 


St. Louis 3, Missouri Offices and Stock Points in Principal Cities 


MOUNTING DIMENSIONS _ 
for new Century Electric capacitor-start motor. 


YxV% 
| xh 


TYPICAL SPEED-TORQUE curves for Century 
Electric Type CPF motor, compared with standard 
Type CP unit of similar capacity. 
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ENJAY BUTYL 


IS TOPS IN ALL-’ROUND 


RESISTANCE TO TEAR 
AND ABRASION 


Enjay Butyl! offers the highest 
aged tear strength of any rub- 
ber... even after long exposure 
to ozone and heat! Its inherent 
toughness resists abrasive wear, 
in such applications as tires, 
conveyer belts, hose and other 
mechanical goods. 
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RESISTANCE TO CHEMICALS 


Enjay Butyl, because of its unique and extremely low 
degree of unsaturation, offers excellent resistance to 
corrosive chemicals. The preferred rubber for tank lin- 
ings, hose, seals, gaskets and other applications where 
exacting chemical resistance is required. 


ViviID 
COLORS 


Enjay Butyl requires no addi- 
tives for quality coloring over 
a wide range of hues. Famous 
for colorability and smooth 
finishes, Butyl has been suc- 
cessfully plastic coated for 
special applications. 
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RESISTANCE TO SUN- 
LIGHT AND WEATHERING 


Enjay Buty] has proven its re- 
sistance to ultra-violet light, 
ozone, oxidation, moisture and 
mildew. Increases life of prod- 
ucts such as weatherstrips, 
garden hose, wading pools and 
automotive parts. 





ELECTRICAL MANUFACTURING 
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RUBBER 


PERFORMANCE 


ELECTRICAL RESISTANCE 


Enjay ButyT tops all vulcaniza- 
ble rubbers in electrical and 
dielectric properties ... in resis- 
tance to corona and ozone break- 
down and water absorption. Its 
high dielectric strength insures 


DAMPING PROPERTIES IMPERMEABILITY TO against electric breakdown under 

normal or surge voltage. Its heat 
Enjay Butyl absorbs shock and GASES AND MOISTURE resistance permits higher current 
vibrational energy more com- flow for a given conductor size. 
pletely than any other rubber. 


Resiliency can be varied in com- 


Enjay Butyl is tops in imperme- 
ability to gases and moisture... 
retains air pressure 8 times better 
than natural rubber. Outperforms 
other rubbers in such application 


as inner tubes, jar and bottle 


senile, hones and inflatabte goods. HoME OFFice :15 West 51st Street 


a 5 ; y New York 19, N. Y. OTHER 
lhe outstanding properties of Buty] Rubber create new horizons for OFFICES: Akron « Boston » 


the designer, and offer to manufacturers an opportunity to utilize the Charlotte + Chicago « Detroit « 
qualities of rubber in applications never before possible. The unique Houston + Los Angeles » New 
properties of Butyl have led to vast improvement in many existing Orleans + Tulsa 
products. Technical skills will open the way to countless new uses. 

Buty] is the “idea” rubber with uses stretching as far as the imagi- 
nation can reach. We'll be glad to tell you all about it. Just contact 
the nearest Enjay office. 


pounding and processing. Butyl 
is ideal for axle and body bump- 
ers, motor mounts and sound- 
deadening applications 


EX@ITING NEW PRODUCTS THROUGH PETRO-CHEMISTRY 


ENJAY CHEMICAL COMPANY 
A DIVISION OF HUMBLE OIL & REFINING COMPANY 
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To the Engineer 


If you have to perform complex switching 
maneuvers, fast, and in small space, you'll 
go for AE’s Type 44 Rotary Stepping Switch. 


This mere handful of rugged switching 
accommodates up to six bank levels, with 10 
points plus home—will do the work normally 
assigned to whole banks of relays 


The miniature Type 44, and its big brother, 
Type 45, are the only stepping switches with a 
positive-action, free-floating pawl. This unique 
design eliminates armature-stop and pawl-stop 
readjustment — prevents pawl wear-and-tear, 


breakage, and binding. The pawl locking teeth 
position the rotor automatically, making 
overthrow impossible. 
Incidentally, AE engineers are 
composing simple circuits to do complex 
things — and AE can supply assembled and 
prewired control packages to your specs. 
Kither way, we can help you cut costs. 


artists at 


For answers to your automatic control 
problems, write the Director, Control Equip- 
ment Sales, Automatic Electric, Northlake, 
Illinois. Also ask for Circular 1698-H on 
Rotary Stepping Switches. 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 
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looking for a small-scale switch to do a large-scale job 
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30 db gain in 200 mc RF amplifier 


ae eee nl ee ihe meets halal 
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... With Tl 2N1141 series germanium mesa transistors 


Exceptionally high ac beta TI 2N1141 germanium Tyme ne eee 


mesa transistors provide 30 db gain — with 16 mc 


bandwidth —in a 200 mc RF amplifier. Ideal for 


GAIN DB 


your high frequency amplifiers and power oscillators, 
2N1141 series diffused base transistors give you. 
maximum dissipation to 750 mw... voltage ratings 


praquence we 
to 35v at 100 wa I... 750 me alpha cutoff. TYPICAL CHARACTERISTICS AT 25°C 


These devices are backed by more than 3,500,000 unit 
hours of life test reliability data... see curves below. 


UNIT TYPE 2N1142: Icgo AND hee VS HOURS OF STORAGE AT +100°C 
TEST LEGEND: Sample Size: 1000 units = Test Condition: Storage at +100°C © |.. Measured at: Veg = —20v, Ie = 0© hee Measured at: Vcg = —6v, Ic = —10ma 


Se 
we ae. 


DISTRIBUTION MEDIAN ; 
AN De Ba a EA 


Contact your nearest Ti distributor or sales office for immediate delivery. 


DESIGN LEADERSHIP TEXAS " INSTRUMENTS 


IN QUALITY » \NCORPORATED 
GERMANIUM TRANSISTORS NX6 SEMICONDUCTOR-COMPONENTS DIVISION 


13500 N. CENTRAL EXPRESSWAY 
POST OFFICE BOX 312 - DALLAS, TEXAS 
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The Amplexologist has a high regard for prospective 
customers’ blueprints: He finds it necessary upon 
occasion, however, to put them respectfully aside. 
Especially when he’s teld: ‘We tried to make this 
part out of powder metal a couple of years ago but 
the supplier couldn’t meet our specs.”’ 


The Amplexologist, you see, has heard this song 
before. That’s why he puts down the prints and picks 
up the part. And starts probing. 


What does this part have to do? Under what condi- 
tions? Any special strains? Impact? Where? What 
about the configuration? Is this contour functional? 
Are these sharp angles necessary? 


Often as not, the answers to these questions hit pay 
dirt. They usually reveal, in fact, that with a little 
redesigning another “impossible” part can, after all, 
be made better and cheaper through advanced 
powder metallurgy (i.e. Amplexology). 


We’re happy to say that most manufacturers are 
eager to eat their own specifications anytime they 
can save thousands of dollars and still maintain 
(or improve) quality. Their willing appetite has 
helped make us the world’s largest and most experi- 
enced producer of powder metal parts. One more 
reason why manufacturers say, When it comes 
to powder metallurgy — Amplex has the answer. 


A LITTLE RE-DESIGNING... 


The part shown is an engine fan-pulley 
hub. It was formerly a solid circular 
casting. The manufacturer had to 
machine the face, bore the ID, drill 
and tap four holes. The Amplexologist 


re-designed the hub into its present 
cloverleaf shape—to reduce weight 
and cost of material. It is now being 
produced by powder metallurgy as a 
finished precision part that requires 
no machining—except tapping the 
holes. Total savings about 33%. 





J a, SEND COUPON ... if you'd like to talk over 
Es Clerc your product with the Amplexologist. Don't hesi- 
‘a tate. He's always happy te get out of the office. 


_ ae S 


a 


ELAN LM SG RA A ES 
AMPLEX DIVISION « CHRYSLER CORP, Dept. E 
© P.O. Box 2718 « DETROIT 31, MICH. 


© Please have the Amplexologist cali to look into the 
possibility of using powder metal parts in our product. 


SE ipatetseed incense 





| COMPANY___ 
DIVISION 


CHRYSLER i cscacacdtiiliays een 





ASM A i 





CORP. ao cai = 
: SED ESOT ELLER i 
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ELECTRIC RANGES 





ELECTRIC DRYERS 


EVERYWHERE 


You won't have to look far to find an AMP-lok Multiple Circuit Connector. AMP-lok connectors have been used 
for the most diverse applications . . . for disconnecting multiple leads on—television deflection yokes, phono- 
graph turn tables, electric ranges, washer and dryer control panels, and automotive instrument panels. 


There are good reasons for the growing use of AMP-lok: It is available in 3, 4, 6, 9, or 12 circuit combinations. 
Attachment and assembly speeds run to thousands per hour. Uniform, reliable electrical characteristics are 
assured through AIMP’s compression crimp method. Automated techniques reduce total installed cost. 


Versatility, reliability, economy and outstanding assembly speed—these factors explain why millions of AMP- 
lok connectors are being used everywhere. If you aren't using them for your circuit requirements, send today 
for more information. 


AMP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


A-MP progucts and engineering assistance are available through subsidiary companies in: Australia « Canada * England « France » Holland * Japan 
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1, “ARMALON" 


Hlectric Strength vs. Time Aged at 375°C. (707°F.) 


VOUTS PER mi 


a Thermal characteristics 
be eee eS of 2 outstanding Du Pont 
2. “ARMALON” coated fabric insulations 


Weight Loss vs. Exposure Time Aged of 475°C. (707°F.) 
a 








sees Armalon® for Class H service 


For equipment that must operate at very high temperatures, 


PERCENT LOST 


I 
i 
| 
i 
! 
“| 
; “Armalon’’* TFE-fluorocarbon resin coated glass fabrics have out- 

! . . . ” 
i standing heat resistance. Insulation of ‘‘Armalon’”’ can be used con- 
tinuously at 482°F. and for short periods at even higher tempera- 


tures. Chart 1 compares high-temperature deterioration of electric 





6 . ” “ ae 
HOURS EXPOSED 
strength for “Armalon”’, silicone varnished glass fabric and silicone 





3. “LEcTOoN” rubber coated glass fabric at 707°F. Chart 2 compares weight loss 
Averoge Life vs Temperature for these insulations at 707°F. ‘“‘Armalon” has much longer life at 

we Oo 
*% elevated temperatures and retains its flexibility and strength where 


a 
: 
< 


ordinary materials become brittle. In addition, ‘“‘Armalon’’ remains 


¢ 


ro 


pliable at temperatures lower than -125°F. For full information 
about this outstanding Class H insulation, check the coupon below. 





AVeeAGE LIFE been 
. 


z 


Lecton® for Class B service 


*“‘Lecton’’* acrylic resin coated glass fabric is a superior insulation 


om 1 WO tO mo 7 260 280 te0 
TEMPERATURE, *C. (1/8 cece) 





of moderate price that more than meets Class B requirements. It 





4. “LECTON" retains its properties in continuous operation at 270°F., and at310°F. 
| Lon ogee ee shows no appreciable loss in electric strength after 3,000 hours. Chart 
5 ' ; ' ; ; ; 3 shows the effect of temperature on the life of ‘‘Lecton’’, and Chart 
} - 4 compares the effect of temperature rise on dielectric strength for 
g «= “‘Lecton” and yellow varnished glass fabric. ‘‘Lecton” has proved 
: - itself in Class B equipment because of its excellent thermal stability, 
- ~ and in hermetic refrigeration applications because of its superior 
= resistance to fluorocarbon refrigerants and oils. For full information 
B's & i a a on this outstanding Class B insulation, check the coupon below. 


TEMPERATURE, °C. 


Illustrated booklets 
describe properties, 
test data and uses for 


Du Pont “Armalon” and “Lecton”. 
Mail coupon or write Du Pont for your 


E. I. du Pont de Nemours & Co. (Inc.) 
Fabrics Division EM-07, Wilmington 98, Del. 





Please send free information on: 














free copies there's no obligation. [) “ARMALON" [) “LeCcTON" 
ee ee ee -scadaiaaereity semua 
ie li ie ot add 
AE6. U. 8. par. OFF Company . a 4 
Bette 3s for Better Living... 1 h Chemistry . 
Address _ Shcnesdibebetlcnstiiitsemeemeelcitala tact acs gl ats 
*Du Ponts registered trademarks, City. aiccall —_ ” Zone — State___ sedioensnaia Se 
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10,000,000 
FAILURE-FREE 
STACK-HOURS! 


RELIABILITY PROVEN BY 14,000 KW IN FIELD APPLICATIONS 





WESTINGHOUSE SILICON HIGH- 


3 


VOLTAGE RECTIFIER STACKS © 


JULY 1900 





Westinghouse silicon rectifier stacks offer the most reliable 
source of high-voltage rectified power available today. In 
precipitator applications alone, more than ten million stack- 
hours have been achieved without a single stack failure. 
Exclusive Westinghouse design features guarantee uniform 
division of reverse voltage, provide optimum transient, 
steady state, and overload characteristics. Stacks assembled 
in compact, unitized packages take less space, require mini- 
mum maintenance, operate in ambient temperatures as high 
as 110°C. Stacks are available in current ratings from 1.2 
Amps to 18 Amps, and in PRV ratings from 9.6 KV to 
35 KV. For extremely high voltage requirements, stacks 
may be connected in series (up to three stacks without addi- 
tional capacitance compensation). 

For full information, or engineering assistance in your 
installation, contact your local Westinghouse representative, 
or write: Westinghouse Electric Corp., Semiconductor De- 
partment, Youngwood, Pennsylvania. 


you can 83 SURE...1F ns Westi nghouse 
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MIL TYPE COMPONENTS 
Unique Westinghouse modular 
inserts feature MIL Type 
shunting resistors, capacitors, 
and mounting boards. All 
components are 100% tested 
before and after assembly. 


APPLICATIONS 


e Electrostatic precipitators 

e@ Radio broadcasting transmitters 
e Radar transmitters 

e@ Ultrasonic transducers 

@ Radar pulse forming networks 
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Alcoa Aluminum 
.lighest strength 
at lowest weight 


CONTROL CABINETS MADE OF ALCOA ALUMINUM are easier to handle, easier 
to fabricate . . . cost less to ship . . . let your customers install 
your product faster and easier without expensive lifting equip- 
ment .. . drastically reduce future upkeep because Alcoa Alu- 
minum is corrosion resistant . . . and maintenance-free. 


Build your products with Alcoa® Aluminum and you 
automatically combine the cost-saving benefits of 
high strength and low weight. New aluminum alloys 
with tensile strengths comparable to mild steel weigh 
only one-third as much. 

Alcoa Aluminum offers you many other advan- 
tages, too: you get more metal per pound than with 
steel, brass, nickel or copper . . . it’s easier to handle 

. nonmagnetic . . . nonsparking . . . easy to spin, 
form, bend, roll . . . costs only one-half as much as 
copper for equivalent current-carrying capacity .. . 
can be cast, forged, extruded or drawn . . . easily 
joined by practically any method . . . corrosion 
resistant, it requires virtually no maintenance. 

Ask an Alcoa sales engineer to show you how Alcoa 
Aluminum can put added values for you and your 
customer into the products you make . . . or write 
Aluminum Company of America, 2130-G Alcoa 
Building, Pittsburgh 19, Pa. World-wide sales through 
Alcoa International, Inc., 230 Park Avenue, New 
York 17, N. Y. 


Your Guide to the Best 
in Aluminum Value 


every Tuesday, ABC-TV, and the Emmy 
ecseneye soausees - Award winning “Alcoa Theatre’’ alternate 
Mondays, NBC-TV 


ALUMINUM For exciting drama watch “Alcoa Presents” 
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NEW WESTON PANEL METERS 
PROVIDE THREE IMPORTANT 
- DESIGN ADVANTAGES... 


e Exclusive magnetic shielding 
e Sustained accuracy—up to + 0.5% 
e Ranges tailored for special applications 



























Long-term accuracy and reliability are special features 
of Weston’s new line of panel instruments. Accuracy 
—in Model 1761—is up to + 0.5% of full scale deflection 
when supplied with knife edge pointer and mirror scale. 
Exclusive CORMAG?® self-shielded mechanisms are used 
in both Models 1751 and 1761. The meters may be 
mounted on magnetic or non-magnetic panels without special 
adjustments . . . are immune to the effects of stray 
fields and nearby instruments. Housed in dust and moisture- 
resistant Bakelite cases with glass windows, they are 
supplied in a wide variety of standard ranges. 
Special range meters with conventional magnetic 
construction are available where higher current sensitivity, 
lower resistance, special ballistic characteristics and 
controlled scale distribution are required. 

Call your Weston representative for details, or write 
for Catalogs 01-109 and 01-110—which contain 
technical information on this new line of precision panel 
meters. Weston Instruments Division, Daystrom, Inc., 
Newark 12, New Jersey. International Sales Division, 
100 Empire Street, Newark 12, New Jersey. 
In Canada: Daystrom Ltd., 840 Caledonia Rd., 
Toronto 19, Ontario. 


DAY STROM , incorroraten 
Wet 


Paar WESTON INSTRUMENTS DIVISION 
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ASSIGNMENT: HIT A TARGET 6000 MILES AWAY 


Can you guide a 110-ton Air Force Titan missile 
far up into the sky, to bring its nuclear warhead 
down with pinpoint accuracy on a target one- 
fourth the way around the globe—a target you not 


only can’t see but which continually 
moves with the spinning earth? 

This was the problem in missile 
guidance the Air Force presented 
to Bell Telephone Laboratories and 
its manufacturing partner, West- 
ern Electric. The answer was the 
development of a command guid- 
ance system which steers the Titan 
with high accuracy. 

Unlike self-contained systems 
which demand complex guidance 
equipment in the missile itself, Bell 
Laboratories Command Guidance 
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System keeps its master control equipment on the 
ground where it can be used over and over again. 
Thus a minimum of equipment is carried in the 
missile, and the ground station has full control 


of the missile during its guided 
flight. Techniques drawn from the 
communications art render the sys- 
tem immune to radio jamming. 

Bell Laboratories scientists and 
engineers designed the trans- 
mission and switching systems for 
the world’s most versatile telephone 
network, developed much of our 
nation’s radar, and pioneered in 
missile systems. From their vast 
storehouse of knowledge and ex- 
perience comes the guidance system 
for the Titan. 


BELL TELEPHONE LABORATORIES 


WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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Buying an electric motor with “ready-made” 
insulation can be a costly luxury. 

Motor operating conditions vary so widely 
throughout industry that Fairbanks- Morse in- 
sulation systems are tailored to actual operating 
conditions . . . not standardized to “the average’. 

““Ready-made” insulation systems are an 
‘*across-the-board’’ compromise with average 
operating conditions. When your case is the all- 
too-frequent exception, the compromise is costly. 

Even in “hard to fit”” cases we build motors 
rated, dimensioned and insulated to furnish 
unfailing power. Insulating materials are care- 
fully tested, selected, treated and prepared so 
that insulation as well as motor enclosure is 
matched to the job. Entire insulation system is 

‘ . custom tailored to meet emergency overloads, 
custom tailoring temperature extremes, corrosive _ atmospheric 
conditions . . . whatever combination of factors 
affects motor life and performance of your 

‘to re specific operation. 
COStS less than This flexible application of varied insulating 
materials and processes “pays off” in low main- 


Oo ~? tenance, uninterrupted production, prolonged 
ready-to-wear” 2 






— Whatever your motor needs . . . | hp or 
a 00 hp . . . open or weather-protected . . . 
vertical or horizontal . . . synchronous or induc- 
tion... AC or DC... Fairbanks-Morse builds 
it, builds it right, builds it to last. Get the facts 


.. . drop a line today to: Fairbanks, Morse & 
Co., Freeport, Illinois. 


Fairbanks, Morse 


ELECTRICAL DIVISION 
A MAJOR INDUSTRIAL COMPONENT OF FAIRBANKS WHITNEY CORPORATION 





Metallurgical Memo from General Electric 


weigh 
measure 
check 
test 


automatically 






Testing processes can be time consuming and are 
subject to human fatigue factors and human error, 
Any process that involves measurement, weight, 


counting, computation or the evaluation of known 
positive factors can be reduced to automatic 
testing. 


North Electric Company has, for years, led the 
field in designing, engineering and manufactur- 
ing such “test” equipment. 

North equipment is performing such varied 
functions as automatic weighing and price com- 
putation in food processing, coin collection and 
axle count at super-highway toll gates, circuit 
and cable testing, automatic sequential produc- 
tion line testing and evaluation, even fault simu- 
lation and check-out on missiles. 

Automatic testing is faster, completely accu- 
rate, can be remotely controlled and frees skilled 
manpower for other work. 

If you have any process that involves testing, 
in the broadest sense of the word, North 
Electric’s system-concept-minded engineers can 
“automate”’ it. 

North Electric’s engineering team has devel- 
oped, engineered and built over 5,000 system 
complexes, many of which have been in contin- 
uous service for decades. 

To learn exactly what NORTH CAN DO FOR 
YOU —write, wire or phone 






ELECTRONETICS DIVISION 
f,. 


NORTH ELECTRIC COMPANY | 
655 S. MARKET ST. GALION, OHIO * 


60-S-2 
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Metallurgical Memo from General Electric 





. ++ and so can you with the assistance of 


TRY IT YOURSELF . . feat a 
a G-E engineer in your circuit plannin 
SEND FOR GENERAL ELECTRIC ath at is P g 


ENGINEERING APPRAISAL KITS Sudden interruption of an inductive current produces high surge 


voltages which must be limited to a safe value. The engineer who 
plans his circuit to include a General Electric Thyrite varistor 
is “buying” the best and lowest cost surge protection available. 


Thyrite varistors are voltage-sensitive resistors which limit voltage 
surges and stabilize current. Available in rods, discs, or washers — 
with or without leads, and as assemblies ready for installation - 
Thyrite varistors are made with a wide variety of volt-ampere 
characteristics for components rated from 6 to 10,000 volts. 


For more information on Thyrite varistors—or for the assistance 
of a G-E engineer to help you with a specific problem — write: 
Magnetic Materials Section, General Electric Company, 7804 N. Neff 
Road, Edmore, Michigan. 

Kit #1 (iMlws.) contains 12 miniature disc varis- 
tors, color-coded and with connecting leads. 


pie $5.00. Also, Kit #2 containing 10 color- MAGNETIC MATERIALS SECTION 


rod varistors with connecting leads. 


Price: $5.00. Test their properties; see how 


rien $5.00. Tos the proportion we GENERAL & ELECTRIC 


CARBOLOYe CEMENTED CARBIDES * MAN-MADE DIAMONDS * MAGNETIC MATERIALS © THERMISTORS © THYRITE® © VACUUM-MELTED ALLOYS 
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A glass yarn “skeleton...with an asbestos ‘skin’ 


With new Quinorgo R-4...you get high mechanical 
Strength and lasting dielectric properties in one sheet 


>: ee 





Ina single insulation 


‘J-MFiber Glass Yarn 
and J-M Asbestos Fiber 


Need an insulation paper with the excel- 
lent handleability that results from high 
mechanical strength? 

3ecause L-O-F Glass Fibers Company has 
joined the Johns-Manville family, you can 
now get excellent handleability along with 
good lasting electrical properties in new J-M 
Quinorgo® R-4. 

An open cloth of tough J-M fiber glass 
yarn—the same uniform, low-twist yarn 
widely used for efficient magnet wire pro- 
duction—provides great strength in both 


ELECTRICAL MANUFACTURING 
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...NOW gives you 2-ways-better insulation 


machine and cross-machine directions. Pre- 
vents tearing, penetration; gives improved 
handleability for today’s high-speed fabrica- 
tion techniques. The glass fibers resist mois- 
ture... won't shrink or swell . . . and they 
withstand temperatures up to 1000 F. 


Need dielectric properties that stand up 
under high operating temperatures? 

You get lasting dielectric strength in new 
Quinorgo R-4. Highly purified asbestos fiber 
—formed integrally with the glass yarn as 
part of the papermaking process — retains 


JOHNS-MANVILLE uy 


its electrical properties under high-sustained 
operating temperatures. The asbestos has 
near-unlimited thermal resistance, too. 


Quinorgo R-4 is currently supplied in 10- 
mil caliper for rotating equipment. For this 
or other electrical insulation needs, contact 
your nearby Johns-Manville representative. 
In addition to Quinorgo R-4, he can supply 
a wide range of asbestos-based insulations 
treated with Class B, F, or H resins. Send 
for helpful data sheets. Johns-Manville, Box 
14, New York 16, N. Y. In Canada: Port 
Credit, Ontario. 


Circle 129 on Inquiry Card 





41 








America’s modern way of doing business 


we 





wr 





ed 
We gee ctl 
cat 





The NASA-USAF-Navy X-15 manned rocket gets a vital part... delivered with jet-age speed by AIR EXPRESS 


X-15 part flies first 3000 miles by Air Express 


The scene: Edwards Air Force Base, Calif. Crack engineers work ‘round the clock to ready the X-15 
for its flight to the brink of outer space. /ts engine, built by Thiokol in Denville, New Jersey, packs 
a 400,000 HP punch—more than the power of two giant ocean liners! Because of an accelerated 
assembly schedule, some parts—like this turbine pump contro!—are installed right on the flight line. 
They must be shipped fast, with kid-glove handling. In 

short, a job for low-cost AIR EXPRESS. Give your business > 
these advantages, too. Call AiR EXPRESS to speed your A J Re 
products FIRST TO MARKET.... FIRST TO SELL. 


& CALL AIR EXPRESS DIVISION OF RAILWAY EXPRESS AGENCY + GETS THERE FIRST VIA U. S. SCHEDULED AIRLINES 
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Bring Your Speed Control Problems to 


EDDY-CURRENT 
HEADQUARTERS 







Fractional HP 
Ajusto-Spede Drive 


— EATON a 


ywanarlt 


Let Our Years of 
Speed Contro! Experience 
Go to Work for Youll 


30 years ago Dynamatic pioneered the utilization of eddy- 
currents in industrial rotating equipment. Today, the Dynamatic 
Division of Eaton Manufacturing Company is the recognized leader 
in the development and production of eddy-current drives, cou- 
plings, brakes, and dynamometers—equipment which is solving pro- 
duction problems in every major industry. 





In speed control applications, Eaton-Dynamatic Eddy-Current 
oe offers many exclusive advantages—stepless adjustable 
speeds from AC power, rapid response, wide speed range, quiet 
operation, low power loss, low maintenance cost, remote control, 
simple electronic or transistorized control, 


Dynaspede Adjustable Speed Drive 


Dynamatic Eddy-Current Equipment is available in sizes from 14 
hp Ajusto-Spede Drives to heavy-duty couplings rated up to 20,000 
hp—and larger. 


When bm have a speed control or drive oe bring it to 
“Eddy-Current Headquarters”—we can provide a simple, economi- 
cal solution, 





Write for Illustrated Descriptive Literature 


Magnetic Amplifier (Transistorized) 
Control 


& 
—— DYNAMATIC DIVISION ——_ 
EAT MANUFACTURING COMPANY 
3122 FOURTEENTH AVENUE «¢ KENOSHA, WISCONSIN 
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Meet military spec requirements 





DC contactors 





AC contactors AC relays 















Interlocking or undervoltage relays; avail- 
able with four to eight poles in ratings to 
10 amps; both single-pole (above) and 
multi-pole contact arrangement. 


For magnetic operation on motor 
locds through 200 hp at 440 
volts, 3-phase, 60-cycle; are 
available with 3 or 41/2 poles. 


Diesel-starting (above), time-delay, sizes 
1, 2, and 3 for magnetic operation on 
motor loads through 25 hp at 230 v d-c. 
Submarine service forms available. 







Thermal overload relays Reset relays Panel-mounted pushbuttons 










Both heater- (above) and induc- 
tion-type; adjustable from 90 to 
110 percent of rating; resetting 
time 60 seconds after tripping. 


For use on a-¢ or d-c circuits where 
momentary contact is required; available 
in standard or oiltight forms in variety of 
contact arrangements. 







A remote method for resetting overload 
relays; consist of potted solenoid coil 
and a mechanical linkage on corrosion- 
resistant steel base with insulated leads. 


Terminal boards Fuse blocks Resistors 











Designed for 25-, 50-, 100-, and 
150-amp circuits. Termination 
points—either 2, 3, 5, 7, or 9— 
have fire-resistant base. 


Rated up to 30 amps; blocks consist of 
a fire-resistant molded-compound base 
with metal terminals and fuse clips; con- 
venient single-hole mounting. 






Starting and regulating duty en motor and 
generator field adjustment, load banks, 
etc.; available in ratings from 21.5 to 42.5 
omps continuous and five lengths. 


with General Electric Hl-shock 


DC relays 


Multi-current and overcurrent relays 
(above) are used as interlocking or under- 
voltage relays, and on electronic applica- 
tions requiring shock-damage design. 


Panel-mounted selector switches 


For use on either a-c or d-c circuits where 
maintained contact is required; available 
in three forms; can be mounted on panels 
up to 3/16-inch thick. 


Manual starters 


For single-speed, 1- or 3-phase, squirrel- 
cage induction motors or d-c motors. Size 
O starters are dripproof or flush-mounted; 
rated 3 hp 440-volt a-c maximum. 


control components 


A complete line of devices designed for 
extreme environmental applications 


® Shock 
© Humidity 
© Fungus 


® Vibration 
® Tilting 
® Temperature 


Whether you’re designing equipment to meet exacting Navy speci- 
fications . . . or for missile hard-site applications where adverse 
environmental conditions are inherent .. . one or more of General 
Electric’s HI-shock control components may well be the answer to 
your circuit design problems. 


All General Electric HI-shock control components are designed, 
built, and tested to perform reliably in virtually all operating 
conditions including shock, humidity, fungus, vibration, tilting, and 
high or low temperature. 


Outstanding features you get with the complete line of General 
Electric HI-shock control devices include: 1) all front connection for 
easy servicing; 2) fire-resistant compound bases, and 3) all corrosion- 
resistant metal parts. 


CATALOG OFFERS COMPLETE DESIGN DATA 


Generai Electric’s Control Components Catalog contains dimen- 
sional outlines, electrical design data, environmental limits, MIL 
Spec references, and prices on all HI-shock devices. To have this 
valuable information at your fingertips, call your General Electric 
Sales Engineer today. Or, mail the coupon below. Industry Control 
Department, Salem, Virginia. 


Progress /s Our Most Important Prodvet 


GENERAL @@ ELECTRIC 


General Electric Co., Section B785-15 
Schenectady 5, New York 


Please send me a copy of the Navy Control 
Components catalog, GEA-6978, with descrip- 
tions, specifications, and pricing data on the 
complete line. 


et © ee A re 


MEE. 


Name_ 
Company 
Address 


City__ 
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DESIGN WITH 


ARNOLD 6T CORES... 
SAME-DAY SHIPMENT OF 
STANDARD DELTAMAX CORE SIZES 


Arnold 6T tape cores (aluminum- 
cased and hermetically-sealed) 
offer you three very important de- 
sign advantages. One: Maximum 
compactness, comparable to or 
exceeding that previously offered 
only by plastic-cased cores. Two: 
Maximum built-in protection 
against environmental hazards. 
Three: Require no supplementary 
insulation prior to winding and can 
be vacuum impregnated after 
winding. 

Now we've added a fourth vital 
advantage: Maximum availability 
An initial stock of approximately 






TO ROLL! 
RIGHT 
FROM 
STOCK 


all: 


x a 


20,000 Deltamax 1, 2 and 4-mil 
tape cores in the proposed EIA 
standard sizes (See AIEE Publica- 
tion No. 430) is ready on ware- 
house shelves for your conveni- 
ence. From this revolving stock, 
you can get immediate shipment 
(the same day order is received) on 
cores in quantities from proto- 
type lots to regular production re- 
quirements. 

Use Arnold 6T cores in your 
designs for improved performance 
and reduced cost. They're guaran- 
teed against 1000-volt breakdown 

. guaranteed to meet military 
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test specifications for resistance to 
vibration and shock . . . guaranteed 
also to meet military specifications 
tor operating temperatures. The 6T 
hermetic casing method is extra 
rigid to protect against strains. 
Let us supply your requirements. 
Full data (Bulletin TC-101A and 


Supplements) on request. © Write 
The Arnold Engineering Company, 
Main Office and Plant, Marengo, lil. 


aponsss cept. &*-7 


ARNOLD 


SPECIALISTS In ___ SPECIALISTS In MAGNETIC MATERIALS 


BRANCH O BRANCH OFFICES ond REPRI ond REPRESENTATIVES in PRINCIPAL 
CITIES © Find them FAST in the YELLOW PAGES 


See 


ie Oe, 
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ME we 
HAMPSHIRE /oALL BEARINGS, INC. 


PETERBCROUGH, N. H. 


From the office of 


ARTHUR N. DANIELS, 
President 


RE: Instrument Ball Bearings 


Gentlemen: 


Most of us didn't learn much about anti-friction bearings 
in Engineering School. In my own case, we learned the differ- 
ence between ball, roller and needle bearings, and that's about 
all. Literature on the subject is sparse; the variety of types, 
sizes and extra features is vast. All have their limitations, 
advantages and disadvantages. 


This is a plea, then, for taking a Bearing Engineer into 
consultation before your layouts or designs are frozen. He is 
a professional and his services are free. We have ten of them, 
at your disposal, in addition to a staff of specialists at our 
home office, 


True, they have an axe to grind: to sell you instrument 
ball bearings. But none of them wants to make recommenda- 
tions that will fail to meet requirements, or to propose a mar- 
ginal solution, Ethics of course prohibit their revealing your 
plans to others. Sometimes they will say "No," or 'Maybe," 
or "Tests must be run."' We've not accumulated all the 
answers yet, doubtless never will. Then, for confirmation, a 
competitor can be called in. We have a few who know a little 
about it. And, as sometimes happens among professionals, he 
may dissent, leaving the judgment up to you. 


We believe too that our own new 150-page Design Manual 
is the most comprehensive treatise on instrument ball bearings 
published, We shall be glad to send you a registered copy by 
return mail, 


Sincerely, 
QUbpruide 

A. N. Daniels 

President 
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The U.S. Weather Bureau used a Honeywell Model 906B 
Visicorder Oscillograph to record directly this diary of 
a thunderstorm as it passed near the observation station 
on Mt. Washburn in Yellowstone National Park. 

As the storm passed, the Visicorder measured and re- 
corded 1) positive and negative electrical conductivity 
of the air, 2) the rate of ionization of air due to airborne 
radio-active particles and extra-terrestrial radiation, 3) 
the size and charge of individual raindrops, 4) the corona 
discharge current from an insulated tree and from a 4’x 6’ 
grass plot to determine current flow from the earth’s sur- 
face to charge centers in the clouds, 5) times of camera 
exposure photographing cloud droplet size and electrical 
charge, 6) atmosphere potential gradient, and 7) time. 

The Visicorder made this and many other records on 
Mt. Washburn without the use of power amplifiers. This 
feature, plus the extreme portability of the Visicorder, 


made it the ideal oscillograph for use in these studies. 


im weather research 





Recent Models of the 9O6 Visi- 
torder incorporote time lines and 
grid lines and record up to | 4 simul- 
taneous channels of dota 





The NEW Model 1108 Visi- 
corder with many ovtomatic feo- 
tures and the convenience of push- 
button controls, is ideal for inter- 
mediate vses requiring up to 24 
channels of date 





The Model 1012 Visicorder is 
the most versatile ond convenient 
oscillograph ever devised for re- 
cording os mony os 36 channels of 
dota. 











Byron Phillips, U. S. Weather Bureau Scientist, monitors 
thunderstorm data as it is recorded by the Honeywell Model 
906 Visicorder. 


The Honeywell Visicorder is the pioneer, completely 
proven, and unquestioned leader in the field of high-fre- 
quency, high-sensitivity, direct-recording ultra-violet os- 
cillography. Here are some of the reasons why Visicorders 
provide the most accurate analog recordings available: 
constant flat response and sensitivity of galvanometers; 
grid-lines simultaneously recorded with traces to guaran- 
tee exact reference regardless of possible paper shift or 
shrinkage; flash-tube timing system for greater accuracy of 
time lines; superior optics for maximum linearity of traces. 

No matter what field you are in. . . research, develop- 
ment, computing, rocketry, product design, control, nu- 
cleonics ... the high-frequency (DC to 5000 cps) Visi- 
corder Oscillograph will save you time and money in 
data acquisition. 

Call your nearest Minneapolis-Honeywell Industrial 
Sales Office for a demonstration. 


Reference Data: write for Bulletins 1108, 1012 and HC-906B 
Minneapolis-Honeywell Regulator Co. 

Industrial Products Group, Heiland Division 

5200 E. Evans Avenue, Denver 22, Colorado 


Honeywell 


Qudustial Products Croup 


FROM HONEYWELL Py’ DIAMOND JUBILEE PARADE OF PRODUCTS 
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SOLVING MATERI/ 
DESIGN PROBLEM 


BOND STRENGTH 





The trick is in the adhesive. CDF’s Di-Ciad® printed circuit boards are tested for bond strength in this precision machine. 


CDF has developed special adhesives for bonding 
copper foil to laminated plastic boards. These adhesives 
produce high peel strength, have excellent hot solder 
resistance, etch cleanly, and provide high insulation 
resistance. 


In addition to its own adhesives, CDF makes resins 
and papers. This extends quality control several 
steps beyond simple pressing operations . . . provides 
you with Di-Clad boards of excellent and uniform 
properties. 


CDF manufactures the largest selection of grades to 
meet every major civilian and military requirement. 


In addition to Di-Clad printed circuit boards, CDF has 
special combination materials to solve extra trouble 
some problems. Example: asbestos bonded vulcanized 
fibre for circuit breaker arc chutes where the fibre 
quenches the arc and the asbestos guarantees fire 
resistance. 

If you don’t see the grade you want in CDF’s catalog in 
Sweet’s PD file, write us. 


@ CONTINENTAL-DIAMOND FIBRE 


A SUBSIDIARY OF THE -Afwe4/ COMPANY * NEWARK 13, DEL. 


in Canada, 46 Hollinger Road, Toronto 16, Ont. 





Vibration-free piug bases, fabricated 
by CDF. A special bond of CDF Dilecto 
laminated plastic and rubber base Di-Clad laminated plastic 


High reliability printed circuits for mili 
tary applications. Made from CDF's glass 
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Lew-Cost commercial circuits. Made 
from COF's paper-based Di-Clad copper 
clad laminate 
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Some Ideas 


deetiaatiaientantentenientenientiectietion 





This badly-soiled drawing is getting a mild scap-and-water bath to restore its original printing quality. 


Tracings you can wash! Mention this to a 
Chief Draftsman and you'd likely see his 
eyes light up as he perceives the implica- 
tions of a simple new technique — one 
that’s being used now by Raytheon Co. and 
could save them at least $50,000 this year 
The secret: Herculene® Drafting Film by 
K&E, plus Staedtler Duralar plastic pencils 
—a completely washable combination, and 
the answer to... 


A Dirty Old Probiem 


Functionally, an engineering drawing is 
only as good as the prints it will produce. 
This is a fact of life that governs any dis- 
tribution-print system — conventional blue- 
prints, white prints, or reduced-size prints. 
It holds true in a full-fledged miniaturiza- 
tion program, too. How long will an orig- 
inal tracing continue to produce top-notch 
prints? The answer depends on how much 
and what kind of handling it receives. Re- 
visions, smudging, processing and filing all 
take their toll of a drawing’s printability, 
decreasing it gradually — and sometimes 
quite sharply. As printing quality dimin- 
ishes, some form of rehabilitation becomes 
necessary. But re-drawing — whether man- 
ual or photographic — can be costly and 
time-consuming. Drafting and reproduc- 
tion experts have been wishing and work- 
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ing for a more efficient and economical 
solution. 


A Simple Solution: Soap-and-W ater 
Washing became a possible answer with 
the advent of polyester-base drafting films 
and plastic pencils — and a practical reality 
with Herculene. This remarkable film com- 
bines a stable, waterproof Mylar® base 
with a completely washable surface for 
smudge-proof Duralar pencil lines — which 
bond to the Herculene surface and won't 
wash off. 


Only the dirt washes away. There's no loss 
of line-background contrast, no loss of 
detail. The tracing can be restored to its 
original condition in a few moments — 
without re-drawing! 


eee SID C8 EE SS Se eae araeen 


Dept. EM-7, Hoboken, N. J. 
“= 


KEUFFEL 4 ESSER CO., 


Name & Title 
Company & Address__ 
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for your file of practical information on drafting 
and reproduction from 
L__—_——— —-—- KEUFFEL & ESSER CO.-———-———~—— 


Please send me further information about the washable tracing method, plus 
a sample sheet of Herculene Drafting Film and a Duralar pencil. 
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A Proved Money-Saver 


To amplify an earlier point: the Missile 
Systems Division of Raytheon has been 
washing Herculene drawings for the past 
year, and now expects to save over $50,000 
on re-draws alone in the year ahead. A 
large aircraft manufacturer has used the 
Herculene-Duralar soap-and-water method 
even longer, and reports impressive dollar 
savings plus an outstanding improvement 
in print quality. 


In 6 months of testing and 14 months of 
actual drafting-room use, Raytheon engi- 
peers exposed Herculene to all basic trials 
— and a battery of fiendishly extreme con- 
ditions. They scored Herculene with a 
sharp scriber, but couldn’t remove the 
matte surface. They taped a sheet to the 
floor and had a 200 pounder roll over it 
in a swivel chair during an active day. 
Herculene was baked and frozen — and 
doused with hot coffee — with no effect on 
its surface. After two hours, the coffee 
stain was washed off without a trace. Re- 
sults of these torturous tests were so favor- 
able that now, Raytheon’s Missile Systems 
Division uses practically no drafting film 
but Herculene! 


A Note of Caution 

There are other waterproof drafting films, 
but plastic pencil lines will wash off some 
of them. So, when comparing polyester- 
base films, it's best to check them for pencil 
line washability. And another point —don’t 
try this technique with ink or graphite 
lines — use only the Duralar K1 or K2. 
Even if you don’t want to adopt the wash- 
ing technique immediately, you're free to 
make the change at any time if you 
use Herculene—the indestructible drafting 
medium with the washable, engineered 
surface. 


More Merciless Testing invited 
We'd be pleased to send you a sample of 
Herculene, and we invite you to do your 
best to ruin its excellent drafting and print- 
ing quality. The Herculene sheet comes in 
a small folder with complete instructions 
and a water-fast Duralar pencil — which 
K&E engineers helped develop for use 
with washable Herculene Drafting Film. 
Mail the coupon below for your sample! 
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23! Nickelectric News 


DEVELOPMENTS IN 
NICKEL ALLOYS 


AND THEIR APPLICATIONS 











Monel pen 
proves mightier than 


a 1,000-G whip 


HINGHAM, MASS. — Quite amazing 
stresses sometimes develop in metals 
serving seemingly pedestrian uses. 
Who would expect the recent punc- 
tures of airliner cabin floors from 
over-stressing by the new spike heels 
the ladies wear? And who would ex- 
pect the 1,000-G forces which distort 
the graph and spatter the ink when 
recorder pens whip to respond to high- 
amplitude, high-frequency signals? 

Massa Laboratories overcomes this 
problem in pens for their high-speed 
Rectilinear Recorder by using to good 
advantage the strength and corrosion 
resistance of Monel alloy. They form 
the pen arm of two concentric thin- 
wall Monel alloy tubes separated by 
Annular spacers. The strength of 
Monel alloy contributes greatly to the 
desired stiffness of the arm. And it 
isn’t corroded by the inks. 


ee ee 
INNER INK FEED AIR 

TuBE CHAMBER 
aa aaa SE RIES TIE | 
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“@MONEL ’ 

2 COMMUNICATING MONE( 

ORIFICE | 


PEN TIP | 
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Stiff Coaxial Monel Pen Arm doesn’t whip 
at high frequencies. Corrosion-resisting 
pen point insures free flow of ink and 
smooth writing. 


The pen point is also Monel alloy. 
Here the good wear resistance of 
Monel alloy makes its contribution to 
trouble-free operation. 

In discussing manufacture of this 
element, Massa expresses satisfaction 
with the ease of forming Monel alloy 
and with the excellent solderability 
they experience in joining arm and 
pen and in fixing the spacers. 
Pertinent Literature: Bulletin T-5, “En- 
gineering Properties of Monel and ‘R’ 
Monel.” Write for copy. 
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In casing of Massa Hydrophone 


MONEL STANDS OFF SNEAK UNDERSEA 
ATTACK OF CHLORIDE-ION STRESS-CORROSION 


HINGHAM, MASS. — To protect 
against sneak attack by submarines, 
the navy uses hydrophonic equipment 
of extremely high sensitivity. To pro- 
tect against sneak attack by chloride 
ion stress-corrosion cracking, Massa 
Laboratories uses Monel* nickel-cop- 
per alloy in its wide-range M-115B 
hydrophone. 

Even when highly stressed, Monel 
alloy is free from cracking in solutions 
containing chloride ions and dissolved 
oxygen, Yet, with other “corrosion- 
resistant” materials, chloride ion 
stress-corrosion cracking has occurred 
at stresses as low as 2,000 psi. 


As detection equipment improved 
submarines sought greater depths 


Detectors went down deep, too . . . so 
deep, in fact, that certain casing ma- 
terials developed large cracks from a 
little-known and unexpected phenom- 
enon, stress-corrosion cracking. Not 
so Mone! alloy. In common with other 
alloys containing more than 42% 
Nickel, Monel alloy does not crack, 
even when highly stressed, in solutions 
containing chloride ions and dissolved 
oxygen. Yet, with other corrosion- 
resisting materials, this type of failure 





has occurred at stresses as 
low as 5,000 psi. 

In numerous Massa 
Hydrophones, operated at 
depths often exceeding 2,000 
feet, Monel alloy casings 
have performed successfully 
for better than 12 years... 
showing no deterioration 
from general corrosion, 
stress-corrosion or shock. 


Pertinent Literature: 
Bulletin 151—“The Influence 
of Corrosion on the Crack- 
ing of Pressure Vessels.” 
Indicate if you would like 
other special material on 
chloride-ion stress-corrosion 
cracking. 

Deep-down reliability is a fea- 
ture of this hydrophone made 
by the Massa Division of Cohu 
Electronics, Inc. Casing sleeve 


is Monel alloy. 
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Gains multi-environment 
reliability from Monel 
end terminals 


CHICAGO, ILLINOIS — Today’s 
standard electrical components may 
not look very different from those 
of the “Thirties” but they have been 
vastly altered. They’re designed now 
for operational reliability in environ- 
ments that just a few years ago would 
have caused quick failure. 

End terminals of TRU-OHM power 
rheostats, for example, are Monel alloy 
today. In the hot, moisture-laden air 
of a rain forest, at sea, in the cold, 
Monel terminals show no essential 
change in electrical, chemical or me- 
chanical characteristics. They will 
even maintain good properties through 
a spill of LOX — or battery acid. And 
temperatures that rise into the 750° F 
class are tolerated with ease. 

In designing current-carrying 





Even LOX doesn't harm Monel alloy ter- 
minals of TRU-OHM rheostats. 


Monel alloy parts, an electrical resis- 
tivity of 240 ohms per circular mil foot 
at 32° F may be used. Because of the 
excellent stamping, forming, and weld- 
ing properties of Monel alloy, the part 
may be given any desired configuration. 


Pertinent Literature: Write for “Nickel 
Alloys for Electronic Uses.” 
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The International Nickel Company, Inc. 
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Reuland motor-and-magnetic-brake package 


...complete from one dependable source! 


Reuland manufactures its own magnetic brakes, as well as electric motors, and 
offers the most versatile selection of tailored-to-your-equipment brakemotor 
packages available anywhere. Reuland’s many hundreds of combinations of 
H.P., speed, special drive motors and brake sizes, provide an almost unlimited 
coverage of O.E.M. and user requirements! 

So, whatever your brakemotor needs may be, standard or special, let Reuland 
supply the complete answer in one, compact, smartly-designed power package. 
One source of supply for brake and motor saves time for your Engineering and 
Purchasing Departments... one nameplate establishes dependable, nationwide 
service responsibility! 


Refer to Sweet's Product Design, Section 5-a 


MODERN POWER FOR MODERN-DAY PRODUCTS 


... all in lightweight, cool-running aluminum frames! 


BRAKES AVAILABLE IN ALL 
3 MOUNTINGS ... FULFILLS 
J.1.C. SPECIFICATIONS! 

. Direct endbell type for 
mounting over motor’s shaft. 

. Foot mounted, for mounting 
over existing shaft. 

. Foot mounted — complete with 
own bearings and shaft. 
Automatic Lining Wear 
Adjustment 
Manual Release— 

Automatic Reset 

Mount in any position 

No Levers or Linkage 
One-Piece Housing 

One-Half Conventional Length 
Wide Range of Ratings 


Our new 8-page catalog, No. GS8-30-0, will 
come in handy. Sent complete with prices 


and engineering drawings on request. 


REULAND ELECTRIC COMPANY 


WESTERN DIVISION: Alhambra, Calif. 
EASTERN DIVISION: Howell, Mich. 
® Distributors in all principal cities 


JULY 1960 Circle 141 on Inquiry Cord 








Tubular 
Sintered-Anode 
TANTALEX* 


on. Capacitors 


BOOSTS Pack 


RATINGS TO High Capacitance 
in Small Volume 


Now designers can get the reliability and per- 
formance of Sprague’s Type 109D and 130D 
Tubular Sintered-Anode Tantalex Capacitors in 
ratings up to 560 uF. A new “T” case size permits 
more ratings in every working voltage. Type 109D 
capacitors can be operated up to 85 C without 
voltage derating and up to 105 C with a voltage 
derating of only 15%; Type 130D to 125 C 
without derating. 


Designed to MIL-C-3965B 


pa These Tantalex Capacitors are designed to meet 
Snsle & | ro : vibration (2000 cycle), shock, and all other 


environment requirements of MIL-C-3965B. Out- 
Pee mel tt uF standing mechanical features include a specially- 
treated cathode; a double-spun, missile-proven 
fluorocarbon elastomer high temperature seal; 
on rtf and a special porous sintered tantalum anode 

are developed to give unusually high capacitance per 


18 to 270 uF unit volume. 
No Shoulders; No Chassis Slots Required 


ty | The clean, shoulder-less shape of these capacitors 
was pioneered by Sprague to simplify printed 


Cc" Case 


CAC CRG a wiring layout and assembly. It eliminates the 

: need to punch mounting slots of the type required 
Pea ae for older shouldered cup designs. Wiring boards 
can also be stacked more compactly. 





For more information on Type 109D and 130D Tubular Sintered- 
Anode Tantalex Capacitors, write for Engineering Bulletin 3700D 

and Bulletin 3701 to Technical Literature Section, Sprague Electric iY I" n ft TH 
Company, 307 Marshall Street, North Adams, Massachusetts. 
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SPRAGUE COMPONENTS: 
CAPACITORS «+ RESISTORS + MAGNETIC COMPONENTS ¢ TRANSISTORS «¢ INTERFERENCE FILTERS ¢ PULSE NETWORKS 
HIGH TEMPERATURE MAGNET WIRE + CERAMIC-BASE PRINTED NETWORKS + PACKAGED COMPONENT ASSEMBLIES 
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“Too MANY” and.“not good enough” are the 
main themes of recent expressions of growing 
dissatisfaction with conferences, trade shows and 
“symposia”. Many engineers claim that the ob- 
vious expedient of selectivity in attendance is 
not practical because the “good” is spread dif- 
fusely among too many events. If this is true, 
then the selectivity must be exercised by the 
conference organizers. Their question should 
be, “Is this conference necessary ?”’. 

The question is simple, but it can be revealing. 
When coldly examined, the reasons for another 
meeting may be found to be no more than “me 
too” desires by a splinter society or a particular 
geographic area. When, however, a conference 
does have a sound basis and unified valid ob- 
jectives, it can be invaluable. For instance, the 
annual National Conference on Electromagnetic 
Relays continues to grow in attendance and 
vitality from year to year. 

The reasons for the conferences were sound 
when they were started, and they still are. Eight 
years ago the relay industry was completely 
insular, in the pattern common among hardware 
preducers. Application, and of course design, 
guidance was scattered and virtually non-exist- 
ent. There was nothing resembling a centralized 
source of information: large users had their 
own sets of standards, definitions, methods of 
testing, and very often their own designs and 
manufacturing facilities. Now there is the Na- 
tional Association of Relay Manufacturers, there 
are standards, mutually agreed-upon definitions, 
and—above all—continuing discussion and com- 
parison of notes among relay designers and 
users. The structure for joint action is there; 
it must of course be used to be of continuing 
value. 
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Why Conferences? 


The foregoing relates to one sound reason 
for justifying a conference or a continuing pro- 
gram of conferences: it must have a valid and 
definable purpose. According to Professor 
Cameron of Oklahoma State University, who 
has been and is now one of the prime movers 
in the relay conferences and standardizing ac- 
tivities, there are certain other specifications 
for successful and significant conferences. An 
engineering or industry conference should not 
confuse itself with, of all things, a course of 
study. The latter is an organized and contrived 
exposure to details of an accepted technology. 
A conference should be, in contrast, a free dis- 
cussion of here-and-now open questions, opin- 
ions, revelation of fresh experience. A technical 
paper presented at any of the Relay Conferences 
represents the opinions or experiences only of 
the speaker; presumably he has the approval 
of the organization or agency he represents. 
There is no editing by the organizers of the 
conference. They simply provide the occasion 
and the facilities for these revelations and dis- 
cussions. 

The “occasion and the facilities,” by the way, 
are also highly important for conference suc- 
cess. The program should provide for both 
formal floor discussion and informal social mix- 
ing; the facilities and time allocation must be 
adequate for both. Anyone who has attended 
one of the Oklahoma conferences will agree that 
these requirements for a successful and produc- 
tive meeting have been not only well considered 
but also well executed. 
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Design Problems in 
Post-Office Automation 


One of the biggest non-military design programs being tackled by 
the government today is involved in the belated modernization of 
mail handling. Aside from the obvious adaptation of conveyors, 
some of the automatic equipment in being or under development 
includes collection mail “‘cullers’’, letter “‘facers and cancellers’’, 
letter- and parcel-sorting machines (the big problem is routing), 
address coding, electronic reading of addresses and dispatching, 
facsimile transmission of letters at speeds hundreds of times faster 
than present equipment, and non-attended suburban post offices 


a vending machine problem. 





FRANK J. OLIVER 
Editor 


THE EVER-INCREASING volume of mail in metropolitan 
post offices on the one hand, and the development of 
suburban residential areas on the other, have accented 
the need for automated mail handling on at least two 
levels—the large semi-automatic systems for culling, 
cancelling and sorting mail, and the unattended suburban 
office for “after hours” service. Add to this Postmaster 
General Arthur E. Summerfield’s long-range goal of 
next-day delivery of letter mail anywhere in the United 
States and you have a combination of letter-facsimile 
transmission. Functionally, these concepts involve con- 
veying, culling, and sorting of letters and parcels, facing 
(orienting) letters prior to cancelling stamps, reading 
addresses (by eye or machine) and sorting as to coded 
destination. The letter-facsimile concept involves open- 
ing of letters, reading electronically, transmitting elec- 
trical pulses by wire or microwaves, typing document at 
receiver end, folding and inserting—all within the bounds 
of mail secrecy or “sanctity”. Because the development 
of equipment to perform all these functions is the con- 
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cern of such a large segment of ELectricaL MANurac- 
TURING readers, the design problems will be staked out 
broadly in this article and some of the work in progress 
reviewed. 

In anticipation of an increased mail load and the 
need for speedier service, the Postmaster General set up 
in 1956 an Office of Research & Engineering in Wash. 
ington and staffed it with a group of electrical, electronic 
and mechanical engineers presently directed by Wade 
S. Plummer, a former research engineer with the Penn- 
sylvania Railroad. On an upper floor of the Washington 
main post office is a development laboratory where proto- 
type equipment is put through its paces and evaluated. 
For fodder, the equipment is fed lost-addressee mail of 
which there is an endless supply in a city of the in-and- 
out character of the nation’s capitol. There is no substi- 
tute for raw mail, a fact the design engineer soon ap- 
preciates. The Washington post office has become one of 
the guinea pigs for mail conveyor systems and the newer 
apparatus after it has passed muster upstairs. 

It is expected that the present annual countrywide load 
of 61 billion pieces of mail and more than one billion 
parcels will be doubled within the next 25 years. To meet 
this explosive demand, it will be necessary to modernize, 
replace or rebuild about 12,000 post offices. Especially 
in the large gateway offices that handle the greatest vol- 
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ume, does mechanization need be applied to sorting and 
distribution of the mail—a hand operation that goes 
back hundreds of years. Recent surveys indicate that 
the 100 or so largest city post offices handle up to 80 
per cent of the mail. To meet this situation, wholly new 
distribution centers are being built. One such project 
is “Project Turnkey” at Providence, R. 1. being con- 
structed by Intelex Systems, Inc., a subsidiary of Inter- 
national Telephone & Telegraph Corporation. Equipment 
will include overhead and work-level conveyors and auto- 
matic machines that separate or “cull” raw mail de- 
livered to the post office. Other machines will face and 
cancel letters, which then go to an electromechanical 
sorting machine. Flow of all types of mail will be regu- 
lated from a control tower. Another project of similar 
character is the “Gateway” project planned for Oakland, 
Calif. The center will be capable of handling 2,000,000 
pieces of mail daily. Food Machinery & Chemical Corp- 
oration of San Jose, Calif., is building the equipment. 


Random Character of Input 


The outstanding problem in designing mail processing 
equipment is the random character of the input. What 
goes into the corner mail box can include anything from 
a tiny thank-you note to a letter-size envelope, with hotel 
keys in between small packages. So the first step when 
the sacks are emptied at the post office is to separate the 
big ones from the little ones. One type of machine tinder 
development, Fig. 1, but now in use, consists of 
an inclined conveyor with a helical brush to separate 
bulky mail from letter-type mail. The segregated out- 
put of such machines is fed to conveyors. From this 
point on the biggest variation is in parcel size. (Some 
of the firms that have designed prototype cullers include 
Emerson Research Corp. and American Machine & Foun- 
dry Co.) 


Conveyors Came First 


The first step in mechanizing mail handling was the 
adaptation of industrial conveyors to the handling of 
letters and parcels. The Detroit Post Office was the 
first to be so equipped with the Mail-Flo system. Letters 
are carried in mail trays over 22,400 ft of moving belts 
and interconnected gravity-roller conveyors. Pallet-type 
conveyors route packages. 

In the Washington Post Office, J. B. Webb Conveyor 
Engineering Co. built one conveyor and designed the 
electromechanical routing system which codes and dumps 
pallets at selected cross conveyors according to the des- 
tination read off the package and key-punched by an 
operator. The Mail-Flo system was installed by Me- 
chanical Handling Systems, Inc. In the Providence Proj- 
ect Turnkey Post Office, overhead monorails will convey 
sacked mail to dump platforms, while work-level con- 
veyors will move mail trays and packages. 

Again, in parcel conveyors, the chief problem is wide 
variation in package size, making for overdesign of 
pallets to transport the largest and heaviest packages 
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and yet accept the smallest parcel where payload is then 
of insignificant weight. There seems to be no immediate 
solution to the problem of reading parcel addresses elec- 
tronically because of a two-fold difficulty: locating and 
lining up the address, and recognizing hand-printed let- 
ters in a 20:1 range of type sizes. 


Sorting 


One of the first operations selected for automation 
was letter sorting. The 7 x 7 (49-hole) pigeon-hole case 
is still standard equipment for manual sorting by a 
standing man. The job is done in steps, first separating 
outgoing from city mail and then breaking down the local 
mail by zone numbers, the big recipients within zone 
numbers (utility companies, department stores, plants) 
and finally, mail carriers. 

A necessary preliminary step for estimating the fessi- 
bility of automatic mail sorting was the analysis of the 
distribution of outgoing mail. The National Bureau of 
Standards helped in this work by developing statistical 
techniques for determining flow patterns and physical 
characteristics of the mail passing through large city 
post offices. The most important finding was the uni- 
formity of results from city to city. For example, the 
largest destinations (other big cities) received very 
nearly 80 per cent of the outgoing mail from San 
Francisco, Los Angeles and Baltimore. Nor were there 
any significant differences with respect to letter-size 
characteristics. 

Another set of NBS investigations dealt with the 
optimal utilization of sorting devices. It was found that 
a simple residue scheme, involving categorizing each 
letter destination as “frequent” or “infrequent”, gave the 
lowest cost. Here, during the first sorting, mail to all 


Fig. 1 — Experimental raw-mail culler in actual use. 











Fig. 2— Left, supervisor's control station on Burroughs semi-automatic letter sorter; right, one of 12 operator keyboard consoles 
a 


for coding letters for distribution to 279 destination bins at rate of 50 letters per min. 


the infrequent destinations is lumped into a few “resi- 
due” classifications and this residue mail then receives 
a second sorting. By adding a third category, “inter- 
mediate”, in the initial sorting, even lower costs could 
be attained. The real statistical problem is to choose the 
optimal breakpoint between the classfications. Choices 
of this kind are reflected in design of sorting equipment. 

The NBS has supervised a contract for the Rabinow 
Engineering Company to develop a laboratory prototype 
machine for high-speed sorting. One of the things that 
needed to be done was to optimize speed, efficiency and 
economy of operation. This development firm came up 
with a keyboard system for semi-automatic sorting of 
mail that Burroughs Corporation is now producing in 
quantity. These machines, Fig. 2, have 12 operator sta- 
tions and are capable of sorting 36,000 letters an hour 
to 279 destinations. Conveyor speed is 2] in./sec. Letters 
ranging from 234 x 4 in. to 6 x 12 in. in size can be 
handled. In these machines, letters are conveyed past 
operators seated before ten-point keyboards, numbered 
as shown in Fig. 3. 
decimal to binary information which then, by remote 


Pressing a set of keys converts 


solenoid action, positions nylon code wheels on a trip rod 
attached to each of 12 metal pockets in 161 carts carried 
by a motor-driven chain conveyor, Fig. 4. At the keyed 
destination the code wheel trips open a bottom door in 
the pocket to allow the letter to drop to a pigeon hole 





Decimal keyboard for coding mail destinations. 


Fig. 3 
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bin. Removal of batches of letters from the destination 
bin is by hand. 

A trained operator can sort an average of about 3000 
letters per hr. His speed and accuracy depend upon recall 
of as many as 4000 items (according to the count at one 
installation) falling into some 300 categories: 100 code 
numbers for outgoing mail to other cities, 100 local 
big receivers {spotted by company name) and 100 car 
riers, identified by street and numbers. Such a system 
depends upon the human operator for speed and ac- 
curacy; to attain both, special training machines had to 
be devised, with visual readout and alarms to score mis- 
takes in reading and coding. The machine-capacity para- 
meter can be controlled by varying the number of 
operator consoles and keyboards. 

A modification of the Rabinow letter sorter is being 
developed by Pitney-Bowes, Inc., Fig. 5. The “Boxer” 
letter sorter is capable of processing mail at the rate of 
36,000 letters per hr to 300 destination boxes. Sorting 
is done manually by keyboard at 12 operator stations. 
Pitney-Bowes also has a development contract to com- 
plete prototypes of phosphorescent code-printing and 
electronic reading equipment to be used in connection 
with the sorter. 

In the Post Office Department development laboratory 
in Washington there is an experimental machine with 
1000 destination pockets, built by Rabinow Engineering 
Co. It uses the same type of coding as the smaller ma- 
chines described previously. 

Up until the development of these machines, two dif- 
ferent 
post offices (Silver Spring, Md., and Washington, D. C.). 
The “Transorama”’, made in The Netherlands, has a de- 
sign history going back 30 years. The other unit, the 


foreign-made machines were installed in two 
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“Bell”, was made in Belgium by an ITT Corporation 
subsidiary. They both require manual coding and use 
mechanical memories. 

Certain limitations of these present machines are ap- 
parent. They are bulky, require a lot of carrier and 
structural weight for a light payload and consume sub- 
stantial power, largely in overcoming friction. The human 
operator, who must be diligently trained, is the weakest 
link in the automation chain. Therefore, the Post Office 
Department has granted some R & D contracts for elec- 
tronic rather than electromechanical coding methods, 
and the completely automatic reading of mail addresses. 

Rabinow Engineering is experimenting with a semi- 
automatic method in which a digital code can be im- 
pressed electronically from a keyboard onto a thin strip 
of magnetic ink sprayed on passing envelopes. The coded 
letters can be read and routed into destination bins. 

The Bureau of Standards is working on a so-called 
extraction address code for use with this magnetic ink 
system. Essentially it involves dropping of vowels and 
coding of common place-name syllables like “wood” and 
directional points (West )—-example: West Englewood — 
WngD. Transposed into binary code automatically by 
keyboard, the address becomes magnetized bits, as on 
magnetic tape. Initial density is 40 bits per in., with 
138 bits the ultimate goal. 

For some time this type of initial scanning by eye will 
have to be applied to all hand-addressed mail. As will be 
seen, work is actively in progress on automatic optical 
reading of typed addresses. 


Face and Cancel 


The random-input problem arises again in the opera- 


shan oe 


Fig. 4— Routing mail is basically a conveying problem. Shown 
are the chain-conveyed 12-compartment letter carts on the Bur- 
roughs letter sorter. 
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Fig. 5— Test unit of the Pitney-Bowes 34-box mail sorter. 


Angled console is one of 12 on the full 300-destination machine. 


tion of cancelling and post-marking the stamp. Mechani- 
cal cancelling has been done for years but it requires 
a tedious hand operation of “facing” the mail so the 
stamps are all in the same corner of the envelope. The 
first step in automating this operation has been to stack 
all letters lengthwise by hand and let a set of photocells 
find the stamp and turn the letter over if need be to line 
it up with the cancelling die. Belt-conveyor type machines 
operating on this principle have been built. An addition- 
al segregation operation is required ahead of this ma- 
chine. Colored envelopes, those with colored printing on 
them, Christmas seals and colorful airmail envelopes will 
still have to be culled out by hand ahead of the photocell 
detectors. 

Present machines are of European origin. One of the 
first developed by Werkspoor N.V. in Amsterdam and 
is now being produced here by Pitney-Bowes, Inc., (see 
Fig. 6). These machines will process 500 letters a minute. 

Intelex Systems, Inc. is incorporating a facer and 
canceller of Belgian design in Project Turnkey. It works 
on similar principles. Other American manufacturers who 
have worked on this problem also include Emerson Re- 
search Div. of Emerson Radio & Phonograph Corp. and 
American Machine & Foundry. Both of these organiza- 
tions have also developed prototype mail cullers. 


Vending Equipment 


Self-service, non-attended suburban post offices will 
rely on the development of special vending equipment 
for dispensing stamps in any quantity from singles to 
books and even supplying stationery and postcards. Strip 
stamp vendors, of course, are in wide use. A more so- 
phisticated type of vending machine under study is made 
by Electric Vendors Inc., Minneapolis, and provides a 
telephone dial for input data and an automatic change 
maker. It vends stamps, envelopes and bond paper. 


“Speed Mail” Program 


In line with the major goal of next-day delivery any- 
where in the USA, the Post Office Department has an 
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Fig. o — Auivmatic ietier tacer and stamp canceller at work. 
(Photo by Pitney-Bowes, Inc.) 


R & D project entitled “Speed Mail.” This system 
combines carrier mail with wire or microwave trans- 
mission of documents at speeds greatly exceeding pres- 
ent commercial facsimile terminal equipment. Like or- 
dinary mail, the system would be tied in with “common 
carriers,” but instead of using railroads and planes, it 
would rely on leased TV channels, either coaxial or mi- 
crowave. Commercial facsimile uses much “slower” tele- 
phone lines. Using bandwidths corresponding to color 
TV. multiplex transmission is envisioned. 

A contract has been granted to International Telephone 
& Telegraph Co. to develop the broad systems concept 
as to trafic between major cities such as New York and 
Chicago and intermediate points. The load requirements 
will determine the equipment needs of the terminal in- 
stallations. 

A standard facsimile scanner or printer will handle 
about 20 letter-size sheets an hour, using expensive wet 
electrolytic paper. The initial goal of the Post Office is 
equipment to scan and print out 600 pages an hour; in 
the second phase of development, 3600, and in the final 
phase, 10,000 pages an hour. That is a projected gain 
of 500:1. The ultimate limitation is paper speed; roll 
paper has to be unreeled, pulled through the printing 
head, cut off, folded and inserted in an envelope. Friction 
could cause it to ignite eventually. Type of paper is an 
economic factor. The fastest commercial facsimile sys- 
tems use the most costly papers. The Post Office is ex- 
perimenting, among others, with an inexpensive bond 
paper in conjunction with the xerography electrostatic 
printing process. 

Transmitting equipment is less of a design problem. 
Input to the lines can be stepped up by letting a number 
of facsimile scanners feed in signals to video tape, 
which can be read off later to the transmission lines at 
much higher speeds. At the terminal site the signals could 
again be stored temporarily on tape and (until faster 
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equipment is developed) read off slowly to standard 
facsimile printers. 

Development work has been started on the equipment 
needed to handle the operation of cutting the document 
off the strip, folding and inserting. Reverse-order equip- 
ment will be needed at the transmitting end where a 
sealed envelope will have to be opened, the letter un- 
folded and automatically placed on the facsimile reader. 
Processing 3 letters a second is the design goal. 

A major problem in the design of input-output equip- 
ment will be “sanctity” of the mail — keeping confiden- 
tial private messages from curious eyes. Therefore, the 
entire operation, from opening the sealed incoming en- 
velope to sealing the transmitted document, will have to 
be wholly automatic. Speed will be a factor. 

One of the systems being considered for high-speed 
facsimile transmission of letters and postcards is the 
A.B. Dick Company’s Videograph process. A prototype 
machine has performed web printing of facsimile or 
digital computer output at rates up to 180 ft per min, or 
three 814 x 11 in. sheets per sec. The machine will re- 
produce pictorial as well as alphabetic and numeric in- 
formation. 

The basic instrument of the printing device is an 
electrostatic printing tube which charges a matrix of 
short wire ends in response to a modulated electron 
beam (Fig. 7). The wires in turn place an electrostatic 
charge on a special paper coated with a dielectric film. 
A toner, consisting of a dyed resin powder, is charged 
electrically and thrown against the rapidly moving paper. 
The toner is attracted to the charged alpha-numeric 
image and the resin is rapidly fixed in place by radiant 
heaters. At the sending end, a photomultiplier tube picks 
up signals from reflections from a high-energy light 
source on the copy. The sender and receiver units are 
connected by coaxial cable or microwave link. 


Character-Recognition Equipment 


Character recognition is the basic problem faced in 
reading addresses on envelopes and then routing the mail, 
and in reading a typed or printed document for trans- 
mission to a distant point by microwave relays or coaxial 
cable. Much work is being done on character-recognition, 
not all of which can be adapted to reading of mail 
or documents. The American Bankers Association, for 
example, has adopted a special odd-shaped type font for 
use with magnetic character recognition of data im- 
printed on bank checks. General Electric was the first to 
produce a working reader, but others, including RCA and 
IBM, have developed check-handling systems also. Do- 
cument reading equipment based on recognition of stand- 
ard type characters is more adaptable to the mail-address 
reading problem and to facsimile transmission of mail. 

Most pattern-recognition schemes depend upon the use 
of a flying-spot scanner which observes black and white 
areas enlarged and focused on a photocell grid. In the 
binary readout system, a black area becomes a 1, a white 
area, 0 (or vice versa). The grid pattern is then matched 
by logic circuitry against a standard letter form. The 
finer the grid pattern, the better the resolution up to the 
point where noise becomes a factor. In the logic circuitry, 
a smoothing operation is introduced to allow for irregu- 
larities in a typed or written symbol when blown up 
optically, as is usually the case. 
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Since 1957, Intelligent Machines Research Corp. (now 
a division of Farrington Manufacturing Co.) has been 
developing a machine for the Post Office Department 
that will read city and abbreviated or spelled-out state 
addresses off typed or imprinted envelopes. IMR has 
been working on character-recognition systems for about 
ten years.” One of the earliest applications was to tran- 
scribe gasoline credit card invoices. 

Identification of lower-case letters is based upon unique 
characteristics. The a, e, s and z form one group; the 
b, d, f, h, i, k, l and t form a second group; the j, p, q 
and y form a fourth group; and the g is uniquely identi- 
fied. By examining the information obtained from this 
type of group analysis, it has been possible to “read” 
addresses on live mail under very unfavorable condi- 
tions of quality—smudges, etc. 

In the automatic mail reader and sorter, now in 
prototype form, reading is accomplished by using a 
high-resolution optical scanner with “flying aperture” 
(slits in disks) and photomultipliers to obtain the elec- 
trical signal. The scan signals are analyzed in a small 
special-purpose computer or interpreter made up of an 
assortment of modular logical units. This interpreter is 
programmed to distinguish between characters on the 
basis of the presence or absence of significant vertical 
and horizontal character strokes. Eleven different stroke 
criteria are employed to provide a minimum of two dif- 
ferences between any pair of numbers in the indicated 
type face. For automatic letter reading, registration is on 
the bottoms of the various characters in the bottom ad- 
dress line and circuits automatically compensate for up- 
ward or downward slant of the line. Because of the wide 
variety of type sizes and styles encountered in mail, the 
first character in the bottom line (presumably a capital) 
is used as a “proportional yardstick” for all lower case 
characters to follow. Envelope reading speed is 30 in. 
per sec or 360 characters per sec of standard elite type. 
IMR is also working on character-sensing machines for 
communications purposes. 

The U.S. Army’s typed-page reader could lend itself 
to the “Speed Mail” system. Under a Signal Corps con- 
tract, Control Instrument Co., Inc. (Burroughs Corp. 
subsidiary) has developed a high-speed document reader 
in which typed documents are placed on a drum and read 
by a flying-spot scanner and photocell pickup.t The 
present system will read 750 wpm (12 point elite type) 
as compared with 60 and 100 wpm for standard teletype. 
The character-recognition circuit compares the electrical 
signals from the scanner with wired-in standards for each 
letter and numeral. By the use of delay lines, the video 
signals are connected from serial to parallel form and 
presented to a “black” and a “white” matrix to establish 
recognition and detect mismatch of similar letters or 
numbers. Each matrix consists of a ferrite-core bank of 
} columns and 12 rows. Before being sent out on the line, 
the signals are converted into the 5-unit Baudot code. 
Type-out is by standard teletype printer. No special 
paper is required. 

Reading handwritten addresses electronically is going 
to be a more difficult task. Essentially, the problem lies 
in wide variations in handwriting, since the recognition 


* Patent 2,663,758 by David H. Shephard was filed in March 1951, issued in 
December 1953; Patent 2,897,481 was filed in December 1953, issued in July 1958. 


+ See “The Recognition of Typed Characters,” W. W. Deckert, Evactrntcat Mant 
rvactunine, June 1960, p 129 
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Fig. 7 — Basic principle of Videograph electronic printing with 
matrix-type cathode ray tube. 


matrix within the machine must be “instructed” to accept 
certain pulse patterns or waveforms as a given letter or 
number. When does an “I’’ look like a “t’”’? Present work, 
dealing with the basic problem, is in connection with 
recognition of hand-block print and handwritten script. 
Pattern recognition (alpha-numeric characters) consists 
of identifying a given figure which is known to belong to 
a finite set of classes. 

Evaluation of two systems is being done on IBM 704 
computers. Sandia Corp. has devised a program such 
that a memory matrix “learns” a series of patterns from 
successive experiences. New patterns are recognized by 
utilizing their similarities to the learned experiences. The 
patterns are imaged on a 10 x 15 photocell mosaic whose 
elements are related as 75 randomly chosen, exclusive 
pairs, each assigned four (36-bit) computer words. The 
purpose is to obtain a numerical score for image simila- 
rity to each previously learned character. 

Bell Telephone Laboratories has been using a 704 
computer to test a simulated recognition system for hand- 
printed sans-serif alpha-numeric characters, also patterns, 
using a 36 x 36 matrix. Simple logic circuitry is used for 
each order to the recognition circuits. It is estimated that 
such a character-recognition program (not yet in the 
hardware stage) could operate eventually at a rate of 
about 2500 characters per sec. 

Work in pattern-recognition systems goes back a num- 
ber of years. In these early experiments the primary goal 
was to investigate the learning process rather than find 
efficient recognition or detection procedures. Work with 
digital computers indicated promise through the use of 
a few elementary operations such as local averaging, 
spatial differentiation and blob counting. A local opera- 
tion is a transformation which produces a small section 
of a new pattern from data in a corresponding small 
section of the original pattern. The entire pattern is 
transformed by considering all the small sections, such 
as a 15-bit section in a 60 x 90-bit array. 

Even more fundamental experimental work relating 
to the learning process in recognizing characters is being 
done by Cornell Aeronautical Laboratory, Inc., and the 
M.1.T. Lincoln Laboratory. Oooo 
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Critical Criteria for 
PRECISION GEARS 





To meet increasing demands for pre- 
cision gears in the instrumentation, 
servo-system and high-quality machin- 
ery fields, the systems design engineer 
needs to appreciate gear tolerances that 
affect systems performance, their rela- 
tive criticalness and what is needed to 
specify proper control values. The pros 
and cons of the special and often hidden 
considerations in selecting gear param- 


eters for precision applications are 


discussed. 


GEORGE W. MICHALEC 

Head, Special Products Department 

GPL Drvision or Generat Precision, Inc. 
Pleasantville, New York 


AUTOMATIC CONTROLS, computers and military guidance- 
control systems require gearing of ever-increasing pre- 
cision for the processing of data, handling of analogs, 
and mechanical coupling of the real physical world with 
electronic operations. Proper gear design and engineering 
for such applications calls for recognition of critical 
dimensions and application of tolerances that are con- 
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sistent, realistic and required. Too often, gear designs 
contradictory require- 
ments, and approaches which leave too much unstated 


contain impossible tolerances, 
responsibility for the fabricator. 

The objective of this presentation is to identify vritical 
design considerations and indicate proper handling and 
control so that the diversified design engineer can learn 
to specify gears so as to obtain the maximum in pre- 
cision. Tolerance values are given particular attention. 
Also, special problems encountered with ultra-precision 
gears are reviewed. 


Gear Control Criteria 


A gear must be specified and controlled by dimensions 
and other qualifying information so as to constitute a 
unique item, capable of being manufactured and in- 
spected. The most effective means of presenting this in- 
formation is by means of the conventional gear drawing. 
Such representation must be complete, unambiguous and 
without redundancy. 

For convenience, gear dimensions and control criteria 
can be grouped into three general categories: 


l. functional gear-element dimensions and criteria: items 
directly associated with gear teeth, such as tooth form, 
thickness, spacing, lead angle, et 

2. functional non-gear-element dimensions and criteria 
having direct effect on gear performance, such as bore 
diameter, outside diameter runout, etc. 

3. non-functional dimensions and criteria relating to the 
tooth carrier or gear body. This would include hub and web 
design and any special body dimensions. 


Gear Tolerances 


The definition of tolerance is “the permissible varia- 
tion of a dimension or control criterion from the specified 


value.” Tolerance constitutes an engineering legality 
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Fig. 1— Divisions of the tolerance spectrum of gearing. 


Fig. 2— Relation between tolerance and fabrication cost. 


to deviate from ideal value and, as with legal rulings, 
good thought and planning must go into tolerance formu- 
lation. Tolerances must be specified because of inevitable 
human failings and machine limitations which thwart 
idealistic achievements during fabrication. 

The gear designer has the problem of appreciating 
tolerances which affect gear performance, their relative 
criticalness, and specifying proper control values. Toler- 
anced gear items are the dimensions and control cri- 
teria mentioned previously and, therefore, tolerances 
can be classified into the same groupings of functional 
and non-functional types. 

Typical gear-tolerance values cannot be readily stated 
because each dimension has a unique tolerance dependent 
upon considerations such as size, quality, material, ap- 
plication, etc. However, pertinent tolerances range from 
several hundredths (0.010) down to 0.0001 in. This 
range encompasses the crudest commercial gears and the 
highest-quality precision gears. The tolerance spectrum 
is divided into quality classes in Fig. 1. Precision gearing 
occupies a portion of the spectrum ranging from several 
thousandths down to 0.0001 in. A 10- to 100-fold toler- 
ance variation affords a wide selection, ranging from 
possibilities of wholly inadequate design to extreme 
over-design, and is the reason why tolerances constitute 
an important subject. 

There is much significance to gear tolerances since 
they establish the practicability of fabrication, which 
in turn affects the fabrication cost. Relationship between 
tolerance and cost is not linear, for as tolerance ap- 


For another aspect of the instrument gear problem see 
Fine-Pitch Gear Trains 
by FREDRICK T. GUTMANN 


appearing in Exectrica Manuracturinc, March 1960, 
p 93 (Reprint 927). 
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proaches zero the required effort becomes enormous and 
finally impossible. At the other extreme, fabrication cost 
decreases with opening of tolerance, but beyond a cer- 
tain value there is negligible fabrication relief. Toler- 
ance plotted vs fabrication cost is approximately a hyper- 
bolic curve as shown in Fig. 2. No typical numerical 
value can be stated because of the dependence upon 
specific dimension. As an example, the diameter of a 
shaft can be held to a closer tolerance than its length 
for approximately the same effort and cost. In general, 
the curve of Fig. 2 becomes asymptotic to 0.0001 in. 
for most critical gear tolerances. 


Tolerance Effects and Factors Affecting Choice. 
Tolerances affect both the functional characteristics and 
other operations of the gear. Proper understanding is 


Table | —- Comparative Tolerances for 
Gear-Quality Classes 


Variation in tolerance spread 


Com- Ultra- 


Dimension mercial Precision | precision 


0.002 to | 0.0005to| 0.0002 
0.010 0.002 max 
0.0015 to | 0.0003 to | 0.00025 
0.010 | 0.0015 max 
Tooth-to-tooth composite 0.001 to | 0.0002to| 0.0002 
error (max) 0.005 0.001 | max 
Position error (max) linear at) 0.001 to | 0.0005 to | 0.0001 to 
pitch line 0.005 0.001 | 0.0005 


i 
0.001 to 0.0005 0.0001 
0.005 max max 


Tooth thickness 
(unilateral) 


Total composite error 
(max) 


Profile deviation (+) 


Tooth surface finish 
(rms-microin.) 63 to 250 8 to 32 16 max 

Bore or journal diameter, 0.001 to 0.0005 0.0002 
in. 0.005 | max max 

2to30 | 20 to 100 4 to 20 


min sec sec 


Helix angle 








required to make optimum tolerance choice. The effects 
and influencing considerations are: 


1. Functional dimensions: Variations in critical dimen- 
sions due to tolerances can result in degradation in func- 
tional gear performance. For example, backlash is directly 


Table 1!—Comparative Quality Ratings for 
Various Gear Types 


Relative 
rating 


Type Comments 








excelient | Simplest tooth elements offering 
maximum precision in tooling and 


inspection control. 


Spur 





Helical (parallel | good 
shafts) 


Equivalent to quality of spur ex- 
cept for added complication of 
helix angle. 








| Fabrication quality identical to 
| parallel shaft helical, but applica- 
| tion causes poor performance due 


| to point contact and heavy sliding. 


Helical (crossed 
shafts) 


poor 





| good | Simple elements of worm allow it 
to be made to high precision, and 
| inspection can be equally precise. 
| poor | Cannot fabricate to high quality 
due to inevitable tool imperfec- 
| tions. Will not operate ideally due 
| to center distance of cutting and 
| installation differing. Not a suit- 
| able tooth form for precision 


inspection. 


j 





Worm gear 








Worm mesh | fair to Mesh performance dependent upon 
} 
| 





good quality of worm and worm gear. 








| fair 1A complicated gear to fabricate 


| due to many controls and varia- 
tions. Inspection is also more com- 
plicated and less reliable in com- 
parison to spurs. 





| Fabrication limited to shaper gen- 
| eration. Inspection complicated, 
and very limited in case of small 
| pitch diameters. 

Limitations of cutting tool and 
| sensitivity of setting cause tooth 
| errors. Tapered tooth elements 
| along with variable pressure angle 
| limits quality of inspection. 
| 


Internal 











Face 


Specials 
(spiroid, side fair 
worm, cylin- 
drical worm, | 


Special tooling and limited con- 
jugate action preclude obtaining 
| easy precision. 


























tapered spur) 

Non-circular poor to Additional variables in the gener- 
(elliptical, fair | ation introduce error sources. Also, 
spiral, logar- | | some methods and tooling have in- 
ithmic, special) | herent error. Inspection is usually 
functions) | limited. 

Cycloidal very Basic tooth form and tooling less 
|} poor accurate than involute. Inspection 
similarly limited. Center distance 
critical for conjugate action. 

64 





related to tooth thickness. Therefore, the tolerance on tooth 
thickness has direct bearing on gear performance. 

2. Standardization: Standards establish a limited number 
of logical choices to obtain the benefit of fewer varieties 
of tooling, fewer design calculations and repeated use of 
some designs. 

3. Methodizing: Available gear-making equipment and 
tooling will bear upon tolerance achievement and practic- 
ability. 

4. Manufacturing needs: Holding fixtures, reference 
centers and planes, etc., may compel tolerance requirements 
otherwise not needed for gear function 


Gear Quality Classes 


At present there are three broad gear-quality classes 
which establish general tolerance magnitudes: commer- 
cial, precision and ultra-precision. 


@ Commercial Class constitutes the least precise and 
lowest cost gear group. Fabrication methods include machine 
cut, molding, stamping, and other high production tech- 
niques. Most gears fall into this classification. 

@ Precision Class covers gearing of more sophisticated 
design, closer tolerances and greater cost. Application and 
demand is more limited. Precision gears are machine cut 
and sometimes further processed by grinding or shaving. 
Most are small diameter (under 10 in.) and of the finer 
pitches. Applications range from instruments to large high- 
speed machinery. Much military gearing is of this type. 

@ Ultra-Precision Class represents gears of the very best 
quality and tolerances. They are produced by extremely 
careful cutting, or by grinding and shaving. They are rela- 
tively rare among gears. Applications are predominately 
military equipment and high-quality laboratory apparatus. 

Comparative tolerances of specific dimensions for the 
three quality classes are presented in Table I. (See 
also Fig. 1.) 

The American Gear Manufacturers Association 
(AGMA), in a new standard not yet released,* classifies 
all gears into 16 new categories, which are superimposed 
upon the tolerance spectrum of Fig. 1 for comparison. 


Considerations in Selecting Gear Parameters 


Precision gearing differs markedly from less stringent 
quality gears in that special consideration must be given 
to design, specification, fabrication and application fac- 
tors which otherwise could be neglected. The best pre- 
cision gears press the limits of fabrication tolerances, 
measuring techniques and environmental conditions. 
Furthermore, the high cost of precision gears warrants 
every favorable consideration being given to achievement 
of precision. Some considerations are subtle and usually 
recognizable only through bitter experience. In addition, 
judicious compromise is often the best choice, but this 
is only possible if the various factors are understood. 
The objective is to review items that bear upon precision 
and offer guidance for most favorable achievement. 

Gear Type. Precision attainment in terms of quality, 
effort and cost is related to gear type, in that the more 
simple the gear form, the better the prospect. A simple 
tooth form offers maximum control in manufacturing, 
least complicated and most precise tooling, and the 
ability to perform accurate and thorough inspection. 
Table II offers relative comparisons for various gear 
types. 


*ACMA 390.01 (October 1959), “Proposed AGMA Gear Specification Manual 


for Spur, Helical and Herringbone Gears.” 
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Fig. 3 — Relative amounts of sliding between mating involute 
lengths vs distance from base circle. 


Pressure Angle. For maximum precision, the 20-deg 
pressure angle is favored over the 144% deg. This choice 
primarily stems from having the tooth profiles with 
20-deg pressure angle formed by involutes further out 
from the critical base circle point, with the following 
superior features: 


1. Specific sliding is a lower average value because the 
mating involutes are better matched. This is shown in Fig. 
3, where involute lengths near the base circle, 2-3 and 
2’-3’, are least matched with mating involutes 7’-8’ and 7-8. 

2. Further out from the base circle, tooth profiles will 
be formed in the generating process by an increased num- 
ber of shorter straight-cut flats, and will be more sym- 
metrical. Figure 4 shows unsymmetrical tooth profiles which 
are more prevalent when the tooth profiles are located 
close to the base circle. 

3. With low numbers of teeth, undercutting of the involute 
profile will be less for gears with the higher pressure angle. 
Figure 5 compares undercutting of 14%- and 20-deg pres- 
sure angle gears. 

4. A secondary point, but mathematically true, is the 
improvement for the higher pressure angle on lost motion 
due to bearing looseness. There will be less radial bearing 
slope upon reversal of drive, but its effect is negligible 
except for special cases of high angles. 


The advantages of high pressure angle are slightly 
compromised by some disadvantages: 


l. The larger pressure angle causes a slightly greater 
bearing load (3 per cent increase for 20-deg vs 1444-deg 
pressure angle). 

2. The 20-deg pressure angle gears have 40 per cent 
more backlash than 144-deg gears for equivalent opening 
of center distance. (In many precision gear trains, back- 
lash is eliminated by special design methods, thus negating 
this disadvantage.) If no backlash-eliminating scheme is 
applicable and backlash is critical, the lower pressure angle 
is therefore favored. 


Pressure-Angle Variation. For gears to function 
with accuracy, the pressure angle must be accurate. The 
criticalness of pressure angle is established by consider- 
ing what happens when cross-mating 144%- and 20-deg 
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gears. The involutes try to operate conjugately at the 
ratio of base circles, whereas the teeth force an average 
transmission velocity at their number ratio. The result 
is objectional bumpy action. 

Gears of the same nominal pressure angle will oper- 
ate in a similar manner if the pressure angles are not 
exact. For high-precision and ultra-precision gears, it is 
advantageous to cut mating gears with the same tool. 
Then any slight pressure-angle deviation introduced in 
the tool will occur in both gears and will not cause any 
noticeable effects. Therefore, it is particularly advisable 
in the fabrication of high- and ultra-precision gears to 
make both gears of mating pairs in the same shop and 
to avoid cross-mating shaped, hobbed and ground gears. 

Pitch Choice. Choice of pitch is related to achieve- 
ment of precision, although the relationship involves 
practical considerations rather than fundamental involute 
principles. Assuming the available pitch range is limited 
neither by too small a number of teeth to incur under- 
cutting, nor too fine a pitch with resultant weak teeth, 
choosing the finest pitch usable has the following 
advantages: 


1. Results in slightly higher contact ratio (for the same 
pitch diameter) and therefore more tooth-to-tooth error 
averaging, resulting in smoother and more accurate motion 
transmission. 

2. With less removal of material from the gear blank, 
there are diminished cutting loads and strains, tending to 
improve fabrication precision. 

3. Improved surface finish due to less metal removal. 

4. Pinions of fixed pitch diameter will have more teeth 
and therefore less undercutting. 
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Fig. 6 — Quality achievement vs number of teeth. 


Disadvantages in choosing finest pitch usable are: 


1. Tool condition and wear is more critical since small 
deviations are a larger portion of the total tooth. 

2. Maintenance of quality in extremely fine-pitch tools 
becomes tedious and expensive (sharpening, etc.) 

3. Blanks must be made to closer tolerances. 

4. Extremely fine pitches (64 and higher) become more 
critical in routine handling. The teeth are fragile and can- 
not withstand abuse, particularly in non-ferrous materials. 

5. Greatest care is demanded in inspection. 

6. Trouble shooting is more difficult, because of the 
evasiveness associated with small tooth dimensions. 

7. Deburring becomes a more difficult problem. 

8. Refinement operations, such as shaving and grinding, 
are limited to coarser than 100 diametral pitch, with a few 
exceptions extending up to 120 pitch. 

9. Contact ratio is more critical to maintain because of 
proportionately greater effect of change in center distance, 
outside diameter variations, tip rounding, etc. 

10. For finer than 96 pitch, there are no firmly agreed upon 
pitches, and cutters are not “on the shelf” items. 

11. Finer 


teeth require longer generating time. 


pitches and consequent larger number of 


12. In gear trains subject to vibrations, resonant vibra- 
tion conditions may cause meshed gears to work in and 
out of mesh, and even allow loss of mesh- and skip-tooth 
re-engagement. Also, the finer tooth cannot withstand the 
vibration load as well as coarse teeth. 

13. For power precision gears, use of the finest applicable 
pitch requires careful study to be certain tooth deflection 
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does not contribute significant position and dynamic error. 


In light of the above, the following general statements 
are offered in pursuit of maximum precision: 


1. For fine-pitch gears, avoid pitches finer than 96; 32 
to 64 pitch are optimum choices. 

2. For power precision gears (coarser than 30 diametral 
pitch) let the pitch choice be established primarily by 
tooth strength and wear rating conditions. 


Minimum Number of Teeth 


Relationship between number of teeth and difficulty 
in achieving precision quality can be approximated by 
the curve shown in Fig. 6. A rapidly changing slope 
is in the vicinity of the minimum number of teeth 
without undercut, N.. Numbers immediately greater than 
this, up to 1.25 N,, aid precision, but beyond that the 
curve is asymptotic to a minimum effort value. Most 
significant portion of the curve lies below \... This shows 
gear precision requiring increasingly greater efforts with 
falling-off in number of teeth until, at 5 teeth, it is 
several times greater. Thus, the plot indicates low num- 
bers of teeth are to be avoided in the interest of precision. 

Explanation for the sharp variation of precision with 
number of teeth relates to fundamental involute theory 
and practical gear-cutting considerations. These are: 


1. Profile radius of curvature. The involute curve has a 
varying radius of curvature—zero at the base point and 
increasing rapidly with radial distance outward. Profiles 
with small radii of curvature are sensitive since small de 
viations result in large profile deviations. Also, such sensi 
tive curves are difficult to manufacture accurately. Thus, 
the involute is most sensitive, critical, and therefore, least 
accurate in the vicinity of the base point. 

2. Sliding. As explained earlier, the specifi 
the pitch point is infinite. High sliding on a sensitive 
curve is contrary to good precision. 

3. Undercutting. Tooth numbers that incur undercutting 


sliding at 


and associated loss of profile are objectionable because 
this lowers contact ratio which for maximum precision 
should be as high as possible in order to benefit from tooth 
to-tooth error-averaging effects. 

4. Tooth flats. Tooth profiles near the base circle show 
more straight-cut flats caused by the intermittent cutting 
strokes. This surface waviness near the base circle counters 
smooth action and precision. 

5. Unsymmetrical profiles. Profiles near the base circle 
have a greater susceptibility to unsymmetricalness due to 
the nature of intermittent cutting combined with possible 
misalignment of the hob and gear blank. 
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Fig. 7 — Practical and limiting rack4type cutter tooth forms: (a) tooth form for minimum undercutting; (b) realistic tooth form 
having clearance height partly straight-sided and remainder a radius; (c) limiting tooth form with sharp corner resulting in maxi- 


mum undercutting. 
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Because of the above considerations, precision gears 
should avoid low numbers of teeth. For high precision 
and ultra-precision gears, good design requires that 
strong effort be made to avoid undercut, and even to 
limit the minimum number of teeth to the undercut 
number (N.) plus 3 to 5 as explained below. 

The commonly calculated minimum number of teeth 
without undercut is based upon using a cutter having 
none of its clearance height adding to the interference. 
As shown in Fig. 7 (a), it assumes all of the clearance 
height, c, has a rounded radius. Since this is not a 
realistic assumption, the minimum number of teeth 
should be based upon a cutter addendum including 
some of the clearance as straight-sided form, as shown 
in Fig. 7 (b). The extreme case is the limit of a sharp- 
cornered tooth, Fig. 7 (c). This, too, is unrealistic, but 
it does provide an upper limit as a guide for precision- 
gear design. This conservative limit is used for deter- 
mining the minimum number of teeth for no undercut. 
Table III lists these values plus recommended minimum 
number of teeth for gears designed to tooth proportions 
per ASA B6.1-1932—American Standard Spur Gear 
Tooth Form. 

For gears designed per the 20-deg fine-pitch tooth 
proportions standard (ASA _ B6.7-1956), the clearance 
term contains a constant, 0.002: 


_ 0.200 
Py 


clearance = ¢ = + 0.002 


Inclusion of the clearance height, or at least some 
of it, in calculating minimum number of teeth for no 
undercut will result in an answer varying with diametral 
pitch, Py. Assuming all of the clearance on the generating 


tool to be straight-sided, the minimum number of teeth is: 


N we 2-4 + 0.004 P, 
, sin’ ¢ 

Figure 8 shows the variation of N with diametral 
pitch and the recommended minimum number of teeth 
for favoring achievement of high precision. 

Pinion-Gear Enlargement. When compelled to de- 
sign gears with low numbers of teeth, undercutting 
should be avoided by resorting to enlargement. By en- 
larging a gear, the tooth profile is shifted radially out- 
ward, and the gear in effect has characteristics of a 
normally designed gear with one, two or three addi- 
tional teeth. Undercut is avoided, use of involute profile 
further out from the base circle is gained, and more 
accurate profile fabrication is possible. For power pre- 
cision gears, there is the added advantage of enlarged 
pinions being stronger. Furthermore, they will have an 
increased amount of recess action, which improves wear 
characteristics and increases their rating. 


Topped vs Non-topped Gears 


Top generating is a fabrication process using cutters 
that finish-cut the outside diameter of the teeth simul- 
taneously with generation of the tooth profiles. It is a 
technique used on spur and helical gears, is more preva- 
lent among the fine pitches and is applied mostly in the 
hobbing process. Topping is a process applicable to 
precision fine-pitch gears, and a large number are fab- 
ricated in this manner. However, strong differences of 
opinion exist among gear designers and fabricators as 
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Fig. 8 — Recommended minimum number of teeth for fine-pitch 
gears vs diametral pitch. 


Table 1!!— Minimum Number of Teeth with Tooth 
Proportions (per ASA B6.1—1932) 


{Min number for no undercutting) Recommended 
|—_—_—- - araaereme Gon; number 
Pressure | disregarding al! tool for best 
tool clearance profile 
| straight-sided precision 
18 20 22 
36 37 


clearance 


to the relative merits of top generating. 
Advantages of top generating are: 


1. Allows use of liberal tolerance on the outside diameter 
of the blank, since it will be finished to size in generation. 
For very fine pitches, this is an advantage, since holding 
a finished outside diameter for a non-topped gear becomes 
critical and difficult. 

2. Corner of top land and tooth profile is slightly rounded, 
which diminishes digs as tooth contact begins. 

3. Deburring problem is reduced, since round-over of 
top land eliminates some burrs. 

4. For rework of the bore or other concentric diameters, 
the outside diameter can be used for nesting as an accurate 
reference. 

5. Since the outside diameter is concentric with the pitch 
diameter, in assembly the concentricity of the mounting 
can he verified by indicating the outside diameter. 


Concerning precision gears, item 3 (deburring) offers 
the best advantage. Precision cut gears can have their 
value nullified if improperly deburred. Deburring is one 
of the nastiest fabrication tasks. 

Engineers opposed to top generating cite these dis- 
advantages: 


1. Concentricity of the finished outside diameter and the 
pitch circle is not as perfect as proponents of topping claim. 
Tool manufacturers guarantee only 0.0005 to 0.001 in. total 
indicator reading of the outside diameter with respect to 
pitch circle. 

2. Bore finishing by nesting of outside diameter will re- 
sult in runout of the pitch circle because of (1) above. 

3. For high-precision gears, the outside diameter of blank 
must have low runout, otherwise this will result in a vari- 
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Fig. 9 — Working depth vs diametral pitch. 


able cutting load and in runout cut into the gear. This 
offsets the advantage of allowing a relatively inaccurate 
outside diameter. 

4. The extra cutting load due to finishing of the tooth 
lands creates additional forces and strain which operate 
against stability and precision. 

5. With thinning of teeth, the outside diameter is also 
reduced, resulting in loss of contact ratio. 

6. The finished outside diameter will vary over the life 
of the cutter as it is resharpened. This makes nest chucking 
dificult and gaging the outside diameter as a check of 
tooth thickness unreliable. 

7. Topping cutters are more expensive. 

8. Since more material is removed, the cutting time is 
slightly greater. 


These disadvantages become more significant with 
desire for increased precision. Therefore, best precision 
is more likely to be achieved by non-topping fabrication. 
This statement is not absolute, as precision and topping 
are by no means mutually exclusive. Indeed, high-pre- 
cision gears are produced by topping. However, to ob- 
tain maximum precision with maximum easement of 
difficulties, non-topping is the better choice for ultra- 
precision gears. 


Contact Ratio and Influencing Factors 


High contact ratio is an advantage since tooth-to-tooth 
quality and precision are averaged and smoothed out. 
For this reason, contact ratio should be maintained 
higher than for commercial quality gears. As a general 
guide, a minimum ratio of 1.5 is desirable, with 1.2 the 
minimum. 

In addition to the items which directly affect contact 
ratio and are fixed in design, there are secondary subtle 
influencing things. These can be neglected in coarse- 
pitch or less critical applications, but fine-pitch precision 
gears require their consideration. Contact ratio, m,, is 


established by the formula: 


Table IV — Surface Finish vs Gear Quality 


Surface finish, rms microin. 











Gear quality Active tooth Gam sees | Mountin Mounting « ‘nies 
Commercial 64 to 251 to 250 | 64 to 250 
Precision 16 to 64 16 to 64 
High-precision 8 to 32 16 to 32 
Ultra-precision 4to8 vo 8 to 16 
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Fig. 10 — Contact ratio vs diametral pitch for a specific example. 
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where 


R, and r, = the outside radii of gear and pinion, respectively 
Ry and mn = the base radii of gear and pinion, respectively 

C = center distance 

P, = circular pitch 


The terms in the above equation are influenced by: 


1. tolerance on outside diameter 

2. runout of outside diameter 

3. center-distance tolerance 

4. if topped, the minimum outside diameter resulting 
from minimum tooth thickness 

5. installation runout due to runouts of bearings, shaft- 
ing, ete. 

6. thermal effects on gears and surrounding housing. 


Although the above factors would appear to have 
negligible effect, in fine pitches they can be serious. To 
appreciate this, refer to Fig. 9 showing a curve of the 
ideal working depth of fine-pitch gears. Note that at 100 
diametral pitch, the magnitude of the working depth is 
approaching the magnitude of commercial gear toler- 
ances. Usually, most difficulty comes from center-distance 
tolerance, and secondly from outside-diameter tolerance. 
Stringent environmental conditions can make thermal 
effects significant. 

To demonstrate the effect of usually negligible toler- 
ances, Fig. 10 shows variation in contact ratio vs 
diametral pitch for a specific pair of gears. 


Surface Finish, Materials and Coating Effects 


Achievement of close tolerances is very much influ- 
enced by surface finish. Close tolerances require fine 
finishes in that otherwise surface roughness and waviness 
become significant portions of the tolerance. High-quality 
gears must have good tooth surface-finish to meet pre- 
cision and maintain quality over the life of the gear. 
Poor surface finish, which might be adequate to pass 
initial inspection, will break down in operation, resulting 
in falsely assumed gear quality. Precision gears should 
be designated with specific values of surface finish. A 
guide to surface-finish values for various gear qualities 
is given in Table IV. 

Achievement of precision is also related to the material. 
Cut gears will give best results with free-machining, 
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Table V—Relative Rating” of Various Materials 
For Ease of Attaining Gear Quality 


Type of generating 


Machine cut | 


Grinding 


Bronze alloys (free cutting) 


Hardened tool-steel alloys 
Hardened carbon-steel alloys 
Hardened stainless-steel alloys 
Semi-hard steel alloys 
| Stainless-steel alloys 

Soft steels 

Bronzes 


Brasses (free cutting) 

Aluminum, hard alloys (2024 
and 2075 types) 

Steels, mild 

Steels, alloy 

Stainless steels, (400 series) 

Stainless steels, (300 series) 

Aluminum, soft alloys (2S, 38 
types) 

Plastics—phenolic, nylon, etc. 


Brasses 
Aluminum alloys 


* In descending order 


non-ferrous alloys and steels. Ductile soft non-ferrous 
metals, such as some aluminum alloys, and tenacious 
steels such as stainless AIS] 302 and 303 are compara- 
tively difficult to cut. On the other hand, with a grind- 
ing operation, the hard-steel alloys are best. Poorest 
precision occurs with non-metallics such as plastics. Table 
V is a comparative listing. 

Gear precision can be drastically altered by coating 
effects. For precision gears, coatings which alter di- 
mensions by tens of thousandths of an inch will be ob- 
jectionable. The preferred procedure is to leave teeth 
uncoated. However, if specification requirements compel 
application of a coating, careful choice and control are 
necessary. Table VI lists the dimensional effects that 
can be expected. Where the finish is not essential for 
the teeth but is needed for the gear body, the teeth and 
other critical toleranced dimensions may be machined 
after finish coating of the gear blank. 


Critical Geometrical Shapes 


Ability to achieve good precision is related to the 
geometrical shape of the gear; namely, the face width 
and body design. Precision is more readily obtained 
if the design is rigid in all respects and of sufficient 
section to eliminate distortions due to surface stresses. 
The following faults should be avoided (see also Fig. 11) : 


1. Insufficient body width or web thickness, allowing 
deflection during generation and warpage caused by in- 


Body wet Indercut too close 
t thir to 


Lightening hole too near 
diameter and web section 
between holes too thin 


root circle 
Fig. 11 
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Critical geometrical gear shapes and assembly operations. 


Table Vi—Finish Coating Effects on Critical 
Gear Dimensions 


Dimensional changes | 
Finish —_—| — —-| Recommended 
type Magni- | practice 
Degree tude Type 
Hard flash plate small | 0.00005 build-up | avoid for high- 
of nickel, chro- to | | precision gears 
mium, etc. 0.0002 | | 
Anodized 0 to build-up | avoid for high- 
aluminum 0.0002 or | precision gears 
reduction 


| neglig- | oto | — avoid for high- 
ible | 0.00005 


small 


Chromate 
(Iridite) 

Electro films: 
electrolize 


precision gears 
small | 0.00005 | build-up | avoid for ultra- 
precision gears 


Passivated | recommended 
stainless steels 





duced and relieved skin stresses. 
2. Integral shafting of too-small diameter for its length. 
Also, too-deep shaft undercuts. 
3. Too-thin radial bore walls. 
4. Too-short axial bore, resulting in gear blank instability. 
5. Press fits of ring gears too close to teeth roots. 


In addition to the rigidity demanded of the gear, the 
same must also be duplicated in the gear installation ele- 
ments (housing, bearings, shafting) if the gear’s in- 
herent precision is to be maintained. 


Position Error and TCE Specification 


Precision gears require a consideration which until 
recently has been almost neglected; namely, position 
error. Much emphasis has been placed on the total com- 
posite error (TCE) control for achievement of linearity 
in angular transmission. This has been a subtle fallacy, 
particularly with high-accuracy gearing. The TCE check- 
ing technique is an adequate control of center-distance 
variation when rolling with a master, but is incapable 
of detecting all angular error. As an extreme case, the 
TCE method cannot reveal the huge angular transmission 
error caused by a gear with one more or less number of 
teeth than proper. It can only reveal tooth-to-tooth pro- 
file position errors, but cannot show such accumulated 
errors. Absolute angular transmission error can only be 
revealed by a tooth profile position error check. 

Tooth profile position error, or the shortened equiva- 


Dowel press fit too 
close to root diameter, 
Jeformoation 


Bore length too 
shor! for large 


causing toca bore diameter 








lent term “position error,” is defined as “the deviation 
of a gear’s tooth profiles in space from the true positions 
they should have.” By this is meant errors in radial and 
angular positions for each point of the profile. The 
position error is a net sum of all errors affecting profile 
positions, and is illustrated in Fig. 12. 

Although TCE is indicative of position error, it be- 
comes increasingly inaccurate with the degree of angular 
precision wanted in a gear. For all ultra-precision gears, 
a position error specification and check is necessary if 
the angular transmission accuracy is of paramount con- 
cern. 


Mounting Surfaces 


Precision gear drawings require clear designation of 
mounting surfaces, such as bores and journal diameters. 
This indicates to the fabricator the critical dimensions 
and will determine methods and tooling. For maximum 
gear precision, the mounting surface in the application 
should be identical to that used in the generating process. 
Simple gear bores serve this requirement ideally. In the 
case of gear shafts, it is often convenient to use shaft 
centers as a generating mounting surface, but for the 
highest precision it is undesirable since there will be 
some runout between the generating and actual mount- 
ing surfaces. If independent mounting surfaces are ab- 
solutely necessary, they should be specifically controlled 
on the drawing relative to one another. Tolerances for 
their relationship are listed in Table VII. 


Fabrication and Inspection Techniques 


How precision gears can be best produced is both an 
objective and subjective matter as shop men and engi- 
neers are often rigid in their beliefs. In an attempt to 
consider only objective information, the following list 
of pertinent comments is offered: 


1. Gear hobbing is more accurate than generation by 
shaping. Although gear shapers can produce precision gears, 
they are less reliable in the high-precision class and are 
not suitable for ultra-precision gears. 


2. Cut gears are among the most accurate. Shaving, grind- 


ing, lapping, etc., are often resorted to because of their 
special advantages and suitability for high production. 

3. Profile grinding has been developed to a high-precision 
capability. 






Broker prof es are theoretica y perfect \ 
profile positions in space, shown singly 
compeorison to the mispioced exomple profiles \ 
Crown solid (except tooth thickness error, whict 
must De shown os o relotive shift in o pair 
of profiles) 
A-reference profile perfect form and position 
B-profile spocing error 
C-profile error (deviation from true involute 
D-profile lead error 
E-profile radial position error (due to runc 

or wobbie) 


F- tooth -thickness error 


Fig. 12 — Examples of tooth profile position errors. 
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Table Vil—Tolerances for Relationship of Gear 
Generating (GMS) and Mounting Surfaces (MS) 





Runout between 


j 
Ultra-precision | 0.00005 max | 0.00005 | 0.0001; 0.0003 max 
| | / 


GMS and MS 
—_———- ,—— — Parallelism of 
Shaft |Concentric GMS and MS 
Quality centers | diameters (in. per in.) 
Commercial 0.0008 max | 0.001 | 0.001; 0.003 max 
| 
Precision | 0.0001 max | 0.0002 0.0002; 0.0005 max 


Precision gears can be adequately inspected by means 
of analytical and functional checks. The fine pitches 
are limited to the latter technique, except for over-pin 
measurements, which can be done with the finest pitches. 
Functional testing is done by variable-center-distance 
fixtures and circular or rack masters. By this technique 
precision to 0.00025 in. total composite error (TCE) 
and 0.0001 in. tooth-to-tooth composite error (TTCE) 
can be accommodated. 

Gear inspection by conventional means, both functional 
and analytical, is limited to approximately 0.0001 in. as 
a reliable figure. This limitation is not acceptable for 
inspection of many ultra-precision gears. Ultra-precision 
gears must be checked for position error rather than 
merely TCE and TTCE. Because the errors are in the 
order of 0.0001 in. or less, conventional mechanical 
indicators are usually unsatisfactory. Optical and elec- 
tronic measuring methods are more reliable. 

High precision revolves about dimension tolerances 
that are of the same order of magnitude as expansion, 
contraction and differential effects due to temperature 
variations. This requires the designer to consider these 
points properly and the fabrication and inspection must 
be done within required temperature limitations. 

Also, environmental conditions of the application 
must be consistent if precision is to be maintained. 
Temperature variation causes obvious difficulties in meas- 
urement and inspection. In addition, precision fabrication 
encounters uncommon subtle problems, such as minute 
variation in generating-machine setting during warm-up 
cycle. 

The special effort put into design of precision gearing 
must be matched with operations and handling in fab- 
rication, inspection, assembly and maintenance. Some 
tolerances are so close that, without air temperature 
control and cleaning, they would be impractical. Dust- 
free atmospheres and general cleanliness are required 
conditions. Fabricators and inspectors clean gear teeth 
with great care and patience to make them acceptable. 
This effort becomes useless if the later operations of 
assembly, test, and field use are not equally cautious. 
A recommended helpful practice is to design dust-pro 
tective enclosures around precision gearing. 

Precision gearing is easily subject to damage, and 
therefore warrants special handling considerations. This 
should begin at the blank stage and extend through 


spare-part maintenance in the field. Ooc 
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LOGIC— 


and the Principles of Programming 


Programming techniques are based upon 
the principles of logical reasoning, ex- 
pressed by a Boolean algebra and the 
propositional calculus. Basic principles 
are explained. Automatic programming 
and machine languages — designed for 
the scientist and engineer who has little 
knowledge of digital computers and who 


wants to write his own programs — are 


presented, Typical examples are given. 


ALICE MARY HILTON 


Associate Editor 


A procraM, according to Webster, is a “plan of procedure.” 
Such a plan of procedure must be followed whenever any 
problem is solved. Solving even the simplest mathematical 
problem in our head, possibly with paper and pencil to 
augment our memory and with a calculating machine to 
assist in computing the arithmetic operations, we are aware 
of any arithmetic operations that are performed, but we 
carry out the logic operations—reasoning and decision- 
making—almost unconsciously. 

A computing machine is incapable of carrying out any 
of our unconscious or unspoken wishes. Thus all operations 
must be presented to the machine 
in the form of detailed and precisely planned instructions 


i.e., into 


arithmetic and logical 


which are translated into “computer language,” 


symbols expressed in machine code. 
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To solve even the simplest problems, an automatic com- 
puting machine must be capable of performing at least the 
following basic logic operations (they can be determined 
by their truth value, where 1 = “truth” and 0 = “falsity”) : 


1. Selection: A computing machine must be able to select a 
number a, or another number 5, in accordance with the indica- 
tion p, which is a binary variable. In Boolean algebra form, the 
operation selection c == a* p + b+ (1 — p). If p = 1, 
then c a-1l+b. (1 1) = a. If p = 0, then c 
b; and p = 0 and gq = 1 when a # Bb. 


2. Comparison: A computing machine must be able to 
compare two numbers and decide whether they are equal 
or unequal. If the condition of equality is p and the condi- 
tion of inequality is g, then p = 1 and gq = 0 when a = 
b; and p = 0 and q 1 when a + b. 


3. Checking against a tolerance: A computing machine 
must be able to determine whether a certain difference d 
(between two numbers, one of which may be an ideal solu- 
tion and the other an approximation obtained by calcula- 
tion) is less than a certain positive tolerance, t. The binary 
variable p = 1 if d < t, and p = 0 if d > t. This operation 
is particularly important whenever the solution to a problem 
involves an iterative procedure (such as division, square-root 
finding, etc.) wherein a logical decision must be made 
whether a loop of instructions should be repeated or the 
next instruction used. 


Some of the principles upon which this article 
is based were discussed in these previously 
published articles: 


e@ Engineering Applications of Boolean 
Algebra 
@ Logic—and Switching Circuits 


which are available in reprint form — see page 170. 











Fig. 1 — Binary-decimal code. 


4. Sequencing: A computing machine must be able to 
arrange numbers sequentially. This ability involves com- 
paring two or more numbers that are presented by two or 
more inputs, selecting the smallest (or largest), and trans- 
ferring that number to an output. This operation, which 
must include an instruction for the eventuality of identical 
input numbers, makes it possible for the information on 
several inputs to be collated sequentially. It can be expressed 
algebraically asd =a (a << 6) + b+ (b< a) +c 
(a = 6), where c is usually either a or b. 

There are other logic operations “built-in” in automatic 
computing machines, such as matching, merging, tabulating, 
sorting, implication, denial, acceptance, conditional and 
unconditional transfer, shift (left and right), translate frem 
one code to another, etc.(])* 

An algorithm is a step-by-step iterative procedure com- 
pleted in a finite number of steps for the purpose of finding 
a solution to a given problem that makes further repetition 
superfluous. Repetition becomes superfluous, either because 
the solution is perfect (in division, for example, this means 
that a remainder of zero was reached) or because the solu- 
tion is within a pre-determined tolerance (in division this 
might mean that the quotient that has been found is accurate 
to as thany significant figures as the machine can handle). 
An iterative formula, such as square-root finding by ap- 
proximation, requires the use of several subroutines. This 
means simply that a process is completed whenever a for- 
mula has been applied often enough to give a result within 
the desired tolerances. If the formula (subroutine) for find- 
ing the square root of a number a is x, , , == (x, + a/x,)/2, 
where the x’s are successive approximations, then an ap- 
proximation that is closer to the permissible tolerance is 
found by every repetition and the process should continue 
until an acceptably accurate result is obtained. 

In order to carry out this process on a computing machine, 
it is necessary to plan several clearly distinguishable pro- 
cedures: (1) the transfer of data (in the form of electronic 
pulses) from the input device into the storage device (i.c., 
the “read” operation); (2) the carrying out of the pro- 
cedure specified in the formula (which in itself requires 
logic and arithmetic operations); (3) the logic de- 
cision whether to repeat the formula or not; (4) the prep- 
aration for repeating; and (5) stopping and the transfer 
of data from storage to output (i.c., the “write” operation) . 
Every one of these procedures involves logic operations; 
the decision whether to repeat, for example, is based en- 
tirely upon deductive reasoning from existing premises. 

Programming, therefore, is essentially a method of com- 
municating with machines. 





* Italic numerals in parentheses refer to Cited References at end of article. 
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Communicating with Machines 


When we speak of the problems of “communicating with 
machines” we are concerned with the means of conveying 
our instructions to the machine in some sort of symboliza- 
tion that can be transformed into circuitry to carry out the 
orders. We must, for this reason, translate our decimal 
digits into binary bits, and we must transfer logic in- 
structions into a suitable code for induction into the machine. 
The problems involved in communications are on both the 
technical and the semantic level. The technical problems 
are concerned with the accuracy of the transmittal of in- 
formation from the sender to the receiver, whether the 
communication be by discrete symbols (such as written 
speech) or by variant symbols (such as the transmission of 
voice). In an electronic digital computer this usually 
volves some sort of binary code. 


Codes. The transmittal of information is, of course, ac- 
complished by the use of codes to transfer digits, letters, 
and signs into the binary system. In Fig. 1 four different 
inputs (to represent four binary bits, 6) and one output 
(to represent the decimal digit, d) are shown. In accord- 
ance with this table, all decimal numbers from 0 to 9 can 
be constructed on four “bit” tracks. By the addition of 
three more tracks, the letters of the alphabet can be repre- 
sented by an alpha-numeric code. (The physical location 
of these tracks varies in different devices. On magnetic tape, 
the tracks usually rv parallel to one another.) 

Since it is possible to express every decimal number up 
to 15 by the combination of four binary bits (which rep- 
resent the 0 to the 3rd powers of two, or the decimal digits 
1, 2, 4 and 8), a decimal-binary code does not require 
every possible combination of four bits. Combinations that 
are not used for expressing decinal digits may be used to 
represent signs for special instructions or for checking. A 
combination that is not used to represent either a digit or 
any other symbol is called a “forbidden combination.” 

Various alpha-numeric codes are in use. In principle, the 
letters a, 6, and c can, of course, be indicated simply on 
their appropriate tracks; d might be represented by com- 
bination of a and 2°, e by a combination of a and 2' and 
so on. Since there are 26 letters in the English alphabet 
(in addition to the ten decimal digits) that have to be rep- 
resented, seven tracks offer a sufficient number of possible 
combinations for this representation and still allow sufficient 
combinations to remain available for signs or check com- 
binations. 

Another code that bears brief mention is the so-called 
excess-3 code, which is used in the Elecom computer and 
the Remington-Rand Lare (to mention just two). It is 
a non-weighted code, self-complementing, and thus poten- 
tially useful in subtraction. The code is simply constructed 
by the addition of the decimal digit 3 (namely, the binary 
number 0011) to the binary-coded decimal digit, as shown 
in Fig. 2. 


Interpretation. The problem of communicating with 
machines on the semantic level is the problem of the inter- 
pretation of meaning by the receiver compared to the in- 
tended meaning of the sender. This is a very complicated 
problem, even in conversation. If, for example, A suspects 
that B does not understand what he (A) “meant”, it is not 
always as simple to achieve objective clarification—such as 
machines demand—even by direct questioning. A can, of 
course, ask: “Do you understand me?” but if B says: “Cer- 
tainly, I do.” this does not necessarily mean that a real 
meeting of the minds has been achieved. It is possible 
(1) that B did not understand A’s question, or (2) that B 
did understand ‘the question, but did not understand what 
A said originally at all, but only what he (B) thought A 
had said. 


ELECTRICAL MANUFACTURING 





In direct verbal communication such difficulties can be 
kept within manageable bounds—at least most of the time. 
It is not difficult to communicate the precise meaning of 
“yes” or “no”. It is more difficult to communicate the mean- 
ing of “long”, unless we use a precise system of measure- 
ment. To communicate the precise meaning of “red” is 
more difficult still, and to communicate the meaning, or 
even find a definition, of “beautiful” is almost impossible. 

The purpose of all communication is to convey a pre- 
cise meaning to the receiver in order to affect his conduct. 
But to affect the receiver’s conduct as the sender intends 
to affect it, it is important for the sender to encode a mes- 
sage precisely as the receiver will decode it. Such coin- 
cidence is achieved by the careful choice of correct logic 
symbols. We use many symbols, such as the phonetic alpha- 
bet, which is a way of symbolizing sound graphically; words 
and numbers are symbols; Braille is a system of symboli- 
zation, so are the flags used to transmit a ship’s message, 
and the Morse code. In computer language, symbols are 
used to represent phenomena (such as numbers) which 
we wish to relate. We indicate the relations by signs. We 
must also find precise symbolizations for our instructions. 
And only after our semantic definitions are clear and ob- 
jectively accurate, can any code—no matter how excellent— 
be usefully employed. 

Any language has a composition in accordance with sta- 
tistical characteristics and probability. (1) Certain letters 
occur more frequently than others, and the definite proba- 
bility associated with the occurrence of any particular letter, 
as well as the probability of the grouping of letters, can 
also be determined. (The typewriter keyboard is arranged 
in accordance with the probability of grouped occurrence.) 
On a higher level, the probability of the occurrence of words 
and their grouping can be determined. Any translating ma- 
chine—those which translate from words to graphic sym- 
bols, ie., machines applicable for engineering design (as 
discussed later), or those which translate from one language 
to another—conceived in accordance with numerical prin- 
ciples—is necessarily based upon statistical design and the 
theory of probability. The sequence of symbols which char- 
acterizes any language or any set of events (in verbal com- 
munications or in machine language) has, in other words, 
certain statistical properties. Our ability to decipher lan- 
guages, or language codes, depends upon repetitiveness, or 
what statisticians call homogeneity, just as machine effi- 
ciency depends upon the precise repetition of instructions. 
We can say, in general, that any sequence of symbols which 
has a probability associated with each symbol is a stochastic 
process. (2) A particular class of stochastic processes has 
the extra condition that the probability of any event is de- 
pendent upon a finite number of past events. 

In a very simple language consisting of an alphabet of 
only four letters, A, B, C and D, with an equiprobable occur- 
rence, a typical series might be: 


ABBACDABDDCBABDCABDCADCC .. . 


If, however, A is twice as likely to occur as B, and if B 
is twice as likely to occur as either C or D (C and D being 
equiprobable), then a typical series might be: 


AABAACBDABBDACA ACBBAABDAAAA. 
AABDAAABCDAABBCABDAAC .. . 


To the original question, “Why worry about language, 
communication and logic for a machine designed to solve 
mathematical equations?”, we must answer, first of all, that 
one of the vitally important aspects of languages and meth- 
ods of communications is the fact that, unless we can tran- 
scribe our orders into a definite language, no control can 
be exercised. Therefore, the problem of meaning can be 
approached from the point of view of what is effective for 
machine control. 
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To define a word we can give examples of the “meaning’ , 
but we do not have any definite criterion to determine a 
word. And, as far as communication with machines is con- 
cerned, a criterion against which a machine can check is 
required. (At least, this is true at the present state of the 
art.) 

The general field of linguistic analysis, called semantics, 
is concerned with the problem of verbal meaning. We may 
consider grammatical rules, meaning, and behavior as sepa- 
rate aspects of the same problem. They do occur together and 
comprise communication. Semantics is not—and this should 
be kept clearly in mind—merely the science of a careful 
definition of terms (although definition is important) but of 
criteria. A reasonably intelligent human being can deduce 
(or guess) the meaning of a word from its relation to other 
words in a sentence. He knows that a “long time” is not 
the same as a “long distance” because he knows that the 
length of time is measured in units of time (i.e., hours, 
minutes, seconds, etc.) whereas the length of distance is 
measured in units of space (i.e., miles or meters, inches or 
centimeters, etc.). He can further deduce the meaning of 
“long” in each instance by knowing the speaker if, from 
experience, he knows that “long” means an hour to one 
person in a certain situation, and a week, or a year, to an- 
other in a different situation. “Five minutes,” Einstein ex- 
plained, “is very short, if you spend it dancing with a pretty 
girl. But it is very long, if you spend it sitting on a hot stove. 
And that is relativity.” 

A machine does not have the intelligence to make guesses. 
We cannot instruct a machine to make an “accurate con- 
figuration.” We must define exactly what we mean by 
“accurate” in every instance. In division, we must specify 
whether the machine is to divide until a zero remainder is 
reached, or the number of decimal points to which we 
want the division carried on; in a machining process the 
precise tolerance must be specified with the necessary 
compensation for tool wear, heat expansion, friction, etc., 
precisely taken into account. 

Consider the word “velocity”. It is common to talk of the 
velocity of a body, such as a motor-car “in motion,” as if 
this were in some way absolute. We may say that a car is 
moving at 50 miles per hour. This is reasonable, and clear, 
to anyone who knows cars, miles, and hours. However, there 
is a vital part of the sentence missing—namely, that the 
velocity of the car is measured relative to the earth. But 
when we are talking about a relative velocity, we are ex- 
plicitly assuming the earth to be stationary. Nothing could 
be more irritating than a conversation in which everyone 
stated his criteria every time he spoke. We prefer the danger 
of losing sight of criteria altogether. 

Every definition of words entails the assumption of cer- 
tain unexplained meanings. Therefore, all our measurements 


rt — 


Fig. 2 — Excess-3 code. 








are relative. We can draw two conclusions from our exam- 
ple: (1) that it is not meaningful to talk about absolute 
velocities, and (2) that all velocities are simply measure- 
ments made with respect to some more-or-less precise yard- 
stick. It can be seen that to talk about a body being motion- 
less is really devoid of any sensible meaning. Nevertheless, 
in conversation, we know perfectly well that when we say 
‘an object is motionless, we mean that it is motionless in 
relation to the earth on which it stands, because it moves 
at the same velocity as that of the earth, and there is there- 
fore no relative distinction. 

Semanticists and mathematical logicians have tried to 
construct a precise language for various definite purposes 
of analysis and description. Recognizing that natural lan- 
guage is often vague and ambiguous (which is useful in 
conversation because it makes many tiresome explanations 
superfluous), they realized that natural language is unsuit- 
able to convey ideas and instructions precisely enough for 
machines. The English language has neither words with 
precise meanings, nor precise laws of grammar. The mean- 
ing of most words depends, to a great extent, upon the 
context in which they are used; for this reason, sentences, 
rather than words, are often considered the proper units of 
meaning. Certainly there are gestures, signs, and single-word 
expressions which are “understood” to convey sentences. 
Emphasis by the tone of voice and by gestures can clarify 
vague verbal language; written language must, for this 
reason, be much more precise than spoken language. The 
problems the logician working with computing machines 
must solve are compounded by the fact that he is “com- 
mun‘cating” with a “listener” which is totally devoid of 





Glossary 


Address—a specific location in-the storage device. 

Algorithm—an iterative procedure completed in a finite number 
of steps for the purpose of finding a solution to a given problem 

Alpha-numeric code—a code used to express the letters of the 
alphabet numerically. 

Assembly program—a program flexible enough to incorpo- 
rate sub-routines into the main program 

Branch order—an instruction used to link sub-routines into the 
main program. 

Compiler system 
lators used to translate instructions into machine language, to 
transfer pseudo orders into real machine orders, and to as- 
semble various sub-routines into the main program. 

Function digit—a coded instruction used to set a branch order 
to link sub-routines into the main program. 

Heuristic—serving to discover. 

Interpretive routine—a routine designed to transfer each pseudo 
code and, using function digits, to set a branch order to link 
the appropriate sub-routine into the main program. 

Iterative routine—-a routine composed of repetitive computations 
where the output of every step becomes the input of the suc- 
ceeding step. 

Logic—a logic function involves reasoning and decision-making 
(Note that a logic function can result in illogical action if 
the input was incorrect, or if the inferences were made illogically. 

Logical—a logical action results if the correct inductive and/or 
deductive inferences have been made. (Note that an action can 
be logical without being sensible—i.c., if the correct inferences 
have been made from incorrect premises.) 

Mnemonic—-easy to remember. 

Object program—a program that has been automatically trans 
lated into machine language from the source program. 

Pseudo code—an instruction that cannot be followed directly 
by the machine, but that is intended to serve as a signal to 
initiate the linking of a required sub-routine into the main 
program. 

Source program—a program that can be translated automatically 
into machine language, thereby becoming an object program. 

Stochastie—the characteristic of events changing the probabilities 
of various responses. 


a system composed of compilers and trans 
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imagination, which reacts literally, and which reacts at such 
speed that correction of “misunderstanding” is impossible 
until long after it has occurred. 

Since every definition uses other words to explain the 
term under discussion, the defining terms must themselves 
be defined, and so on, sooner or later leaving some term 
necessarily undefined. The nucleus of undefined terms (i.c., 
those which must be assumed, or defined by’ ostension) 
implies that no formal language can ever be independent of 
some actions by some people, or some already known lan 
guage, which is itself natural rather than formal. The 
logician analyzes a statement in order to clarify it and to 
determine whether a problem is semantic rather than factual. 
The mathematician accepts the fact that he will have to make 
some reasonable assumptions upon which he can_ build 
powerful mathematical structures by the method of deduc- 
tion. A deductive argument proceeds from premises to con- 
clusion by use of some rule of inference. For example, from 
the premises “All men are mortals.” and “Joe is a man.” we 
deduce the conclusion, “Joe is mortal.” The rule of inference, 
unstated herein, is the well-known form of logic called the 
syllogism. (1) 

A machine can never follow an unstated rule or an as- 
sumption. Every rule must be listed, every assumption speci- 
fied, or available as a “built-in” instruction. We may not 
assume that a machine will stop wken an operation, such as 
a simple division, is completed. This “stop” must be specified 
in the program after every division, unless the machine is 
so constructed that stopping after every division is one of 
its inherent characteristics. 

But what does “stop” really mean to a machine? Does it 
mean for the machine to stop ail operations? Does it shut 
the power off? And if “stop” means shutting off the power, 
what about the rest of the program? Does “stop” really 
mean: “Stop dividing, and continue what you were doing 
before you started this operation.”? Or does it mean more 
precisely: “Stop dividing, transfer the quotient to a specified 
location, and look for the next instruction.”? Thus the pro- 
grammer must know just what kind of “stop” he means and, 
assuming he means “Stop dividing, transfer the quotient to 
a specified location, and look for the next instruction.”, he 
must know how to transmit his meaning to the machine. 
And, furthermore, the circuit designer must understand the 
meaning of “stop” in precisely the same way in order to 
provide the circuitry that makes such an operation possible. 
Most computing machines can accept such a relatively com- 
plicated instruction (in a suitable code) because of the 
built-in criteria; i.e., the circuitry designed to discontinue 
the division algorithm, to transfer the quotient to a specific 
storage location (which must be pre-determined in the pro- 
gram, so that the quotient can be “found” by the output 
unit), and to return to the major program by connection 
with the instruction located adjacent to the instruction that 
started the division algorithm in the first place. 

It is evident that communication with machines requires 
that we clarify assumed meanings, and that we are aware 
of the fact that, once an assumed meaning has been coded 
and transformed into criteria, the machine will interpret 
precisely the same meaning every time. 


Machine Language. 
know and use them today, are designed to handle a great 
number of complicated instructions, which must be broken 
down into a great number of specific operations. Each opera- 
tion must be translated into numbers or symbols (which can 
be expressed numerically), or coded, and this coding opera- 
tion is called translating into machine language. To make 
coding as efficient and time-saving as possible, most modern 
computing machines are designed to operate on instructions 
that permit the modification of other instructions. The mor 
flexible a general-purpose computing machine is, the more 
detailed and precise must be the instructions in eaci pr 
gram. Because a computing machine will do precisely what 


Computing machines, as we 
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it is instructed to do, not what the user thinks it has been 
instructed to do, it is necessary to communicate with a com- 
puting machine in microsyllables. 

The operations in a simple program might be designated 
very simply as: 


Operation 
“add” 
“complement” 
“store the result” 


Operation Code 


In a “stored program” this operation code can be used as 
follows: 


Storage Location 


0372 
0373 
0374 


Instruction No Operation code 


68 
69 
70 


| 
] 
l 
71 27 1472 


The programmer has thereby translated into simple machine 
language the following verbal orders: 


Instruction 68: Add the number stored at storage location 
(sometimes called “address”) 0372. 

Instruction 69: Add the number stored at storage location 0373. 

Instruction 70: Complement the number stored at storage loca- 
tion 0374. 

Instruction 71: Store the result of these operations at storage 
location 1472. 


These instructions may seem very detailed, yet they are in 
fact greatly abbreviated, and the computer must make many 
intermediate steps to complete even so simple a program. 
A computing machine can be programmed to follow the in- 
structions in numerical order, or it can be programmed to 
repeat, modify, or skip certain instructions. 

Apart from operating instructions, a computing ma- 
chine must be designed to handle input and output in- 
structions. In other words, it must be possible to program 
the computer to transfer information (a computer word in 
coded form, or a number) into a certain storage location, 
and it must be possible to “fetch” information from a stor- 
age location and transfer it to an output medium, such as a 
typewriter, a line printer, cards, etc. 

Instructions and their codes vary for different computing 
machines, of course, but there are certain basic types of 
instructions that can be found in all computing machines. 
The code card used for the Univac Solid-State 90 Computer, 
shown in Fig. 3, is an example. 

Programming digital computers to respond to simple, 
verbal instructions has already been realized by a group 
working under Hopper (3) which produced the Flow-matic 
compiler for the Univac I and II. Linguistic studies have 
been of the greatest importance, both for the investigation 
of mechanical translation and linguistic analysis. (4-]0) 

Chomsky (//) lists a set of eleven basic phrase-structure 
rules for a set of productions for decomposing English sen- 
tences into constituent parts. These must, in certain cases, 
be preceded in a certain order by a set of fifteen more 
transformations involving relationships such as, for exam- 
ple, the passive voice, the interrogative mood, conjunctions, 
gerunds and participles. To these morphemic rules a set of 
phonomorphemic rules must be added that relate to the 
changes in word structure caused by phonetic rules of per- 
formance. A simple sentence, for example, “The boy saw 
the book.”, can be decomposed into such constitutents as a 
noun phrase, verb phrase, noun, verb, and article, in a man- 
ner that is not more complicated than elementary English 
grammar. Based on this analysis, a complete program can be 
written to give a complete structural decomposition of the 
English language upon entry into a computing machine. 

One such automatic coding system is the ForTRAN, devel- 
oped by IBM, which is a machine language closely resem- 
bling the language of mathematics. It is designed primarily 
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Fig. 3 — Portions of front and back of code card, Univac solid- 
state computer, 


for scientific and engineering computations to provide the 
scientist and engineer with an efficient means of writing his 
own programs for small computing machines, such as the 
IBM 1620. Little knowledge of computing machines is re- 
quired on the part of the user. The system consists of two 
major parts: The rorTRAN language and the FORTRAN trans- 
lator. The former consists of several types of statements 
which the programmer may use in coding the problem he 
wishes to solve. These statements can be grouped into four 
classifications: arithmetic, control, input/output, and spe- 
cification. The translator is a program which accepts and 
translates FORTRAN statements. A program written in 
FORTRAN language is known as the source program; the 
machine language program ultimately produced is known 
as the object program. The programmer need concern him- 
self only with the ForTRAN language, since the translation 
and compilation are completely automatic. 

Consider, for example, a formula for calculating the 
electrical inductance of air-core coils: 


0.224 f 


pe a + 9b + l0e 


where 


L = the coil inductance in microhenrys 

a = the average diameter of coil in inches 
b = the length of winding in inches 

¢ = the radial depth of winding in inches 
{ = the number of turns 


A FrorTRAN language statement to express this formula and 
to create a machine language routine for this calculation is 
as follows: 


COIND = 0.2%(A*%*2)*(T**2)/(3.°A +. 9.*B + 10.*C) 


C for comment 


Fig. 4— Fortran program: L = (0.2a? #2) /(3a + 9b + 10c). 
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Fig. 5 — Fortran program: dy/dx — xy + 1. 





where 


1. the meaning of the entire statement is: evaluate the expres- 
sion on the right side of the equal sign and make this the 
value of the variable on the left 

2. the symbol (*) denotes multiplication 

3. the symbol (**) denotes exponentiation; ¢.g., A4**2 means 
A?. 


The statement illustrated above is an example of an alge- 
braic statement. If, in this example, the values 1.5, 0.5, 2, 
and 26.6 were assigned to A, B, C and T, respectively, the 
complete FORTRAN program which calculates the inductance 
and prints out the result may be written in seven separate 
statements as shown in Fig. 4. The first statement means: 
“Assign the value 1.5 to the variable A.” The next three 
statements have similar meanings. The fifth statement means: 
“Evaluate the expression on the right side and assign the 
result to the variable co1np.” (com 1NDuctance). The sixth 
statement means: “Print the computed value of comnp.” The 
last statement instructs the computer to stop. 

The program is of a sequential nature, and the computing 
machine executes the instructions in the same order as the 
order of the statements. 

Another example of a FORTRAN program is as follows: 
Find the approximate numerical solution of the ordinary 
differential equation 


dy/dz = zy + 1 
in the interval 0<x<1, where y= 0 when x= 0. 


The following method can be used to approximate the solu- 
tion for this equation: 


Assume that a point (x,, y,) of the solution function is 
known. In this example, the point x, = 0, y, 0 is known. 
It is then known, from the differential equation, that dy/dx 
(the rate of change of y with respect to x) at this point is 
%¥o +1. Hence, an increment in x of Ax would produce 
an approximate change in y of 


Ay = Az (zayo + 1) 


Let Ax be the interval between successive x; terms 
(t==0, 1, 2,...). Then y (at x,) =y (at x, + Ax) = y, 
+ Ay = ¥, + Ax(xy, + 1). After the point (x,, y,) has 
been obtained, it can be used to find the point (x,, y,) 
in a similar manner: 


¥2 (at 22) = y2 (at z; + Az) = y; + Ar (zy: + 1) 


In this example, the procedure is continued until the point 
x == 1 is reached, the upper boundary of the interval for 
which the solution is being found. In general, the equation 
for stepping forward is 


¥%tl=y¥ + Az (eH +1) 
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The mesh size is Ax. The solution for various values of Ax 
can be compared to give an empirical idea of the error of 
approximation. To print the value of every point obtained 
would be unnecessary and costly, since Ax must be quite 
small; the program has thus been arranged to print only at 
intervals of 0.01. The program for this example, with an 
explanation of some of the statements, is shown in Fig. 5. 
The first statement sets the mesh size at 0.0001. The second 
statement initializes Xprnt to 0.01; the first value of X 
which equals or exceeds Xpant will be the next value 
printed. The next two statements assign the proper initial 
values to X and Y. Statement 3 is the basic equation for 
finding the next value of Y. (Note that the previous value of 
Y is used in the calculation and then is replaced by the 
result of the calculation to give the new value of Y.) The 
next statement calculates the new value of X. This value of 
X is then compared with the value of Xrant; if it is less 
than this value, control goes back to calculate the next 
point. As soon as X equals or exceeds Xpant, the calculation 
is interrupted to allow the current values of X and Y to be 
printed according to statement 4. The value of Xpant is 
increased by 0.01 for the next value to be printed. Then a 
test is made to determine whether the value of X has reached 
1. 0. If X equals or exceeds 1.0, the problem is finished and 
the computer stops (statement 5); if not, control returns to 
statement 3 to calculate the next point. 


Automatic Programming 


In the early days of computing machines, it was thought 
that the cost of machine time to run a program was the 
main consideration of machine economy. However, since 
then the widespread use of large-scale computing machines 
has proved that the more important consideration of com- 
plex calculations is the cost of programming and debugging 
(i.e., finding and correcting errors of configuration that 
occur primarily because of the problems of communicating 
with machines). A complicated inventory and payroll opera- 
tion, or a configuration of complex design functions, may 
require so voluminous a program that it would take a year 
or more to devise and debug it. The only solution to this 
programming problem, which makes the use of large-scale 
computing machines at all feasible, is automatic program- 
ming. Where experienced programmers are scarce, and 
comparatively untrained machine users must devise their 
own programs, some kind of automatic programming, i.e., 
the use of standard programs, is indispensable. 

Every computing machine manufacturer and user keeps a 
library of programs that—wholly or partially—can be used 
repeatedly. Such standard programs can be combined with 
other standard programs, or inserted into a specific (i.e., 
specially prepared) program by various methods. It would 
be beyond the scope of this article to make a comprehensive 
presentation of the methods in use and in the process of 
development; we can only touch upon this subject briefly 
and give the reader a glimpse of the principles involved in 
automatic prograraming. 


Sub-routines. A series of instructions designed to per- 
form a complete operation is frequently called a routine. 
For example, the coding to perform a complete payroll 
operation is called a payroll routine. Coding designed to 
perform a sub-operation is called a sub-routine. In other 
words, sub-routines are processes frequently used and suit- 
able for incorporation into longer calculations. For exam- 
ple, the finding of square roots is a frequently used sub- 
routine. Such processes are accumulated into a reference 
library. The exact method of storing sub-routines and of 
incorporating them into the main program is different in 
each computer system. Frequently, sub-routines are recorded 
on tapes or on other auxiliary storage media. 
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In general, two types of modifications are needed before 
a sub-routine can be inserted into a main program: (1) a 
linking order, which makes it possible to return to the main 
program when the sub-routine is completed, and (2) the 
means for inserting the appropriate numerical data into the 
sub-routine before it is used. 


Pseudo Codes. Whenever a program requires the use 
of many sub-routines, it would be a cumbersome task to 
program the introduction and necessary modifications of 
each sub-routine. Instead, a process, usually called a pseudo 
code, is used in the main program. A pseudo code is an 
instruction which usually contains a function and one, or 
more, address(es) just like a real machine instruction. 
However, a pseudo code is of such a nature that it cannot 
be followed directly by the machine, but requires interpreta- 
tion before it can be executed. 


Interpretive Routines. Pseudo codes are integrated 
into the main program by what is called an interpretive 
routine, which is designed to take each pseudo code in turn 
and use the function digits to set a branch order which will 
link it with the sub-routine appropriate to the required 
operation. The interpretive routine also uses pseudo-code 
address locations to modify real machine orders which, in 
due course, will extract the required data from the storage 
or record data in the required storage location. The branch 
order is then executed and leads to the sub-routine which 
performs the necessary functions. 


Compilers and Translators. A compiler system inter- 
prets all the pseudo orders and assembles the program in 
real machine orders which will carry out the required cal- 
culations. The program is then used as a separate operation. 

The most crucial problem for any automatic programming 
system is the availability of a language to transmit instruc- 
tions to the machine. An efficient coding system is indis- 


pensable. It depends upon the recognition of the principle 
of a dual language system and of the proper translation 
from the spoken language into machine language. Various 


ways to perform this translation are in use. One of them is 
by means of a mnemonic (i.e., easy to remember) code com- 
posed of standard algebraic notations or abbreviations of 
corresponding English words, and several combined alpha- 
numeric systems. 


Assembly Programs. Besicaliy, an assembly program 
accommodates programs written in machine language, and it 
also enables the programmer to construct a flexible program 
that is not possible in pure machine language. An assembly 
program usually provides for (1) specification of all numer- 
ical concepts in convenient decimal form (although there is 
usually a provision for the use of binary numbers whereve. 
that is appropriate) ; (2) the use of symbolic addresses and 
of addresses with mnemonic content; (3) the use of two- or 
three-letter combinations that describe machine instructions; 
(4) the use of pre-addresses for instructions in order to 
name an instruction arbitrarily without stating its storage 
location; (5) the automatic assembly of pre-coded pro- 
grams (sub-routines) into the program (often by means of 
pseudo codes). 

An assembly program may consist of a one-pass assembly 
wherein one “pass” is made through the data to perform the 
required translation, or it may be a two-pass assembly 
wherein the first pass through the data is made to discover 
all symbolic addresses, and a second pass is made to deter- 
mine the sub-routines to be used. 


Automatic Programming of Machine Tools 


The operation of machine tools by means of instructions 
from paper tape (or punched cards) has gained wide ac- 
ceptance. Such numerical control systems provide higher 
accuracy in the machining of complex shapes, speed up the 
entire production process, and reduce the need for costly 

(Continued on page 261) 
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Nuclear Radiation Damage 
To Transistors 


Exectrical 
Manufacturing 
Sef Repon ' 


A study of radiation damage to transistors 
in an environment equivalent to that of a 
nuclear explosion. Damage data related to 
transistor reliability are presented in a 


series of charts and graphs. 


THIS REPORT DEALS with an evaluation of transistors to 
determine the best presently available types to fulfill the 
requirements of the Bomarc missile, and to study the 
effects of various design variables on radiation toler- 
ance. Over 120 transistors of 23 types (both silicon and 
germanium) were studied, covering all power and fre- 
quency ranges. Eight representative types will be re- 
ported in this article. 


Mechanism of Damage 


Both temporary and permanent damage to transistors 
can be caused by a nuclear explosion which produces 
(together with other effects) a pulse of neutrons, a pulse 
of gamma rays, and an intense short-term electromag- 
netic field. Although neutrons and gamma rays both 
cause temporary and permanent damage, the permanent 
damage created by the gammas in a nuclear-weapon 
environment is small compared to that caused by neu- 
trons. 

The most important permanent damage mechanism in 


Keithly 


electrometer 





Fig. 1 — Circuit used in determining I. 
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germanium and silicon irradiated by fast neutrons is 
displacement of the atoms of the semiconductor from 
their normal positions by collisions with the incident 
neutrons. The damage threshold occurs when the in- 
coming particles are able to transfer about 30 electron 
volts of energy to the semiconductor atom. The recoiling 
atom, if sufficiently energetic, can produce additional 
displacements as it collides with the other atoms in its 
path. 

Permanent damage caused by gamma radiation is due 
to production of high-energy electrons, primarily through 
Compton scattering. These electrons in turn can produce 
displacement of the atoms through collision. Permanent 
damage also results when capture of thermal neutrons 
by the semiconductor atom and subsequent radioactive 
decay produce a chemical impurity in the lattice. This 
effect, as with that caused by gamma radiation, can be 
ignored when dealing with a nuclear weapon environ- 
ment. 

It is most important to note that the amount of per- 
manent damage received by the semiconductor is a func- 
tion of the incident neutron energy. If D/(En) is the 
permanent damage as a function of the neutron energy 
and N(En) is the neutron energy spectrum, then the 
total permanent damage is given by: 


Damage J DUEn) NUEn) den 


when En is the incident neutron energy. 

The interstitial atoms and the resulting vacant lattice 
sites affect the electrical characteristics of the semi- 
conductor in two major ways: 


1. change in the number of carriers by introduction of 
energy levels between conduction and valence bands 

2. reduction in the minority carrier lifetime by providing 
recombination sites. 


These effects are responsible for the changes in the 
electrical parameters of a transistor. 

Temporary damage to electronic systems is caused by 
electrons, produced by the neutrons and gamma rays, 
being introduced into the circuit. In general, this dis- 
ruption is important only for a time period equivalent 
to the circuit’s relaxation time. (This surge of current 
can produce a permanent disruption in cases where a 
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component is destroyed by the current overload.) Gen- 
erally, transistors cannot be considered more susceptible 
to this type of damage than any other electronic com- 
ponent. 


Theory and Procedure 


Transistors of the same type generally differ from each 
other somewhat in f,« (alpha cut-off frequency) and other 
electrical parameters. Also, manufacturers often change 
their manufacturing technique in the production of a 
given type which might result in a change in these 
parameters as a function of radiation. Since these para- 
meters are a measure of the physical make-up of the 
transistor and are therefore related to its susceptibility 
to radiation damage, each transistor used in the study 
was “pedigreed” by extensive measurements* prior to 
irradiation; these included: 


r', == extrinsic base resistance 

C,. == collector capacitance 

hax == Maximum frequency at which a transistor will 
oscillate for a given bias 

Fa high frequency at which the value of the internal 
common-base small-signal current gain is reduced 
to 0.707 of its value at a low frequency (alpha 
cut-off frequency ) 
punch-through voltage (value of collector to 
emitter voltage that causes the collector space- 
charge layer to reach through the base region 
to the emitter) 
emitter diode breakdown voltage 
collector diode breakdown voltage 
area of the collector 

{. area of the emitter 


Where possible, these parameters were measured again 
after the last irradiation. 


It was expected that there would be no appreciable 
change in the pedigree parameters over those caused by 
the neutron doses received during the experiment. How- 
ever, correlation between changes in circuit-design para- 
meters when subjected to radiation and the values of 
some of the pedigree parameters was expected. 

Earlier experiments (])' indicated that, for transistors 
of a given type of material, those with a thin base (high 
f-a) were less susceptible to permanent neutron damage 
than those with a thick base (low f.«). Since the grounded 
emitter current gain (8) for thin-base transistors is less 
dependent upon minority carrier lifetime in the base 
region, the results can be explained by the reduction in 
the minority carrier lifetime of germanium and silicon 
when subjected to radiation. (2, 3, 4) 

The expression (5) for the reciprocal of the grounded 
emitter current gain is: 

1/8 surface recombination term + injection efficiency 

term + volume recombination term (1) 

The volume recombination term is approximately pro- 
portional to W*/r where W is the electrical base width 
and + is the base minority carrier lifetime. If we assume 
that only the volume recombination term changes under 
bombardment (W also remains constant) for a given 
* This work was carried out by Phileo Corporation under subcontract with the 


Boeing Airplane Company, sponsored by the Air Force under Prime Contract 
AF33( 600) 35030. 


Italic numerals in parentheses refer to Cited References at end of article. 
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flux level, the thinner the base the smaller the change in 
B for a given type of base material. This assumption 
can be utilized only when we deal with the linear portion 
of the 1/8 vs I, curve. 

Loferski (6) uses the minority carrier lifetime degrada- 
tion in the base region (with the above assumption) to 
show that the change in 1/8 should be directly propor- 
tional to the neutron dose. After neutron bombardment: 


1/8; = 1/8; + Al/s (2) 


But, by our assumption, the change in gain is given by 
the change in the volume recombination term 


41/8 = S W?/r (3) 
It has been shown (7) that the lifetime (+r) varies as 
l/ry = 1/ri + 6/K (4) 


where K is the damage constant and ¢ is the neutron 
dose received in neutrons/cm*®, Therefore, from Eqs 
(3) and (4), (8) 


41/8 = W*¢/K (5) 


Dynamic measurements of the grounded emitter cur- 
rent gain (8) and the collector saturation current (/,.) 
were made as a function of neutron flux. 

The collector saturation current flows in the reversed 
bias collector-base circuit with zero emitter current. 
Some transistors show a definite plateau of /.,. with 
increasing bias voltage, where others show only a con- 
stant increase. In order to evaluate /,.,, several values of 
bias voltage were used. Figure 1 is a schematic of the 
circuit used in this measurement. 

In order to obtain information on 8, a curve tracer 
was used to plot collector current (/,) vs collector volt- 
age (V.) at discrete base currents (/,). A block sche- 
matic is given in Fig. 2. In order to cover a large /, 
range (/, = 1/1, + 1,), three ]. vs V. families of curves 
were photographed. 

All of the data were taken after the neutron irradiation 
had been completed. The results indicate only perma- 
nent damage and give no indication of the effects during 
an actual burst. 

(Text continues on page 84, data charts on pp 80-83) 
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Damage Data for Selected Transistors Exposed to Fast Neutrons* 
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teristic of silicon devices. However, 1, svolts | Pt 
does not increase as rapidly with neutron & 
dose as would be expected on the basis = 
of 8 damage. It was characteristic that E 
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off frequency. 1, of Si transistors was J | 
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less susceptible to radiation damage than 
that of Ge units. ‘2 ee ee 
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* The selected transistors studied in this report can 
be divided into four gewoeral categories: audio power 
transistors, general-purpose i-f transistors, general | | 
purpose h-f transistors, and h-f switches. Most of , | 9 | 
these devices were alloyed or alloyed-diffused types ‘ >« . 76 7 = ‘a ~ a etme eet arent petiondpanel 
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Damage Data for Selected Transistors Exposed to Fast Neutrons (Continued) 
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2N94A n-p-n Ge — Fig. 6 a, b, c: Alloyed 
junction transistor for general-purpose 
low-power operation in the i-f and low r-f 
regions. It was found to be slightly more 
susceptible to 8 degradation than p-n-p 
Ge transistors of comparable f,,, but 
these devices exhibited less variation in 
damage effects from unit to unit than 
most other types. This was taken as an 
indication of tight control over device 
parameters during fabrication. For appli- 
cations in which the radiation resistance 
of these units is sufficient, this uniformity 
from unit to unit might be an interesting 
feature to circuit designers. (a) 
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2N495 p-n-p Si — Fig. 7 a, b, c: Surface 

alloy transistor designed for low-power © 25 
application as an i-f or r-f oscillator. It 

exhibited fairly good radiation resistance 
despite the fact that it was a Si unit be- nl 
cause of the relatively high value of f... 
Devices of this type were also rather uni- 
form in the variation of their parameters 
with radiation dose. The reverse satura- 
tion current of these units was initially 
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Damage Data for Selected Transistors Exposed to Fast Neutrons (Continued) 


2N344 p-n-p Ge — Fig. 9 a, b, c: A sur- 
face-barrie> transistor designed for use 
in h-f operation as an oscillator or for 
mixer service; also for use as a switch. 
Figure 9b shows that 1, is affected by 
neutron levels in the range of 10'° neu- 
trons/cm? (nvt) —as is true for all the 
other transistor types studied — but Figs. 
9a and 9c show that 8 does not begin to 
degrade seriously until dose levels greater 
than 10** neutrons/cm? are reached. For 
a neutron dose of 10" nvt to be accumu- 
lated by the device from a 1 megaton 
explosion, the device would have to be 
inside the fireball. If it were inside the 
fireball, the device, as well as the rest of 
the circuit, would probably melt. Thi- 5} 4 
device is an excellent example of the use 

of very thin base-width (high /,.) to (a) “o 1 
achieve radiation resistance. 


+ 


High-Frequency Switching oar 
Transistors 


2N501 p-n-p Ge — Fig. 10 a, b, c: A micro- 
alloyed, diffused base transistor designed 
for use as a very fast switch. J, of this 
device is more sensitive to neutron dose 
than homogeneous base devices that have 
been studied. This increased sensitivity 
of I, to neutron dose is characteristic of 
diffused base transistors. However, in this 
device, the base region is extremely thin, 
so that the device is extremely radiation- ; | 
resistant as far as § degradation is con- a ae 
cerned. (a) 
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Table |—Damage Constants for Selected 
Transistors 





Damage constant 


Transistor Type (nvt-psec) 
2N174 p-n-p Ge (5.0 =0.5) X 10 
2N176 p-n-p Ge | (3.3 =1.1) X 10 
2N94A n-p-—n Ge (1.7 =0.2) K 10" 
2N1155 n-p-n Si (1.6 =0.5) X 10" 


Table Ii—Average Damage Constants for 
Transistor Types 





Average damage constant (nvt-ysec) 
(4.2 0.2) K 10" 
(1.8 0.2) K 10” 
(3.1 0.4) K 10” 
(4.6 3.3) X 10" 


Type 
n-base germanium 
p-base germanium 
n-base silicon 
p-base silicon 
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(Continued from page 79) 


Data Analysis and Results 


The large-signal 8 as a function of /, is given at several 
neutron dose levels for eight transistors in Figs. 3 through 
10. In each case the most representative transistor of a 
given type tested is presented and its f.« is listed. 

In analyzing the behavior of a given type of transistor, 
the expression A(1/f) is utilized in order to eliminate 
the wide variation that exists in 1/8; for most available 
transistors. Since it is assumed that only the volume re- 
combination term is involved in the change of 1/8, a 
direct correlation is expected between A(1/8) and fia 
for a given transistor type if K (the damage constant) 
is unchanged and is equal for each. 

It has been determined that, although it is generally 
true that, by increasing f.o, we decrease 4(1/8) for a 
given neutron dose, many exceptions do occur over a 
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small f.¢ region. For a given transistor type, units with 
a high /.2 may experience more damage (a higher Al/£) 
than units with a lower f.«. Although this contradiction 
could be explained by including in the expression for 
1/8 the surface recombination term and/or injection 
efficiency term, the effect is more likely due to the 
variation in the base resistivity (p,) of the various units. 

If the spread caused by the variation in the pp is 
ignored and it is assumed that p) is approximately 2 
ohm-cm, the damage constant K can be determined. The 
results are given in Table I for some of the types re- 
ported. The average values for the n- and p-base Si 
and Ge units are listed in Table II. It should be noted 
that the larger the K, the smaller the susceptibility to 
radiation damage. 


Determination of Gain (8) and Damage Con- 
stant (K). A collector voltage V. was chosen in the 
linear region of the curves (where possible, the same 
voltage at which the f/.o was measured). The /, for each 
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base-current value (/,) was read at that voltage. From 
this information, large and small signal 1/8 and /, were 
calculated where /, = /, + /,; small signal 1/8 = 
Al,/Al,; and large signal 1/8 = /,/1, — I'.); I’. = 

(Continued on page 127) 
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For THE BUSY ENGINEER who wants to know of what 
practical use mathematics is to him, there is a simple 
answer: mathematics is his most valuable labor-saving 
device! By expressing physical phenomena and rela 
tions in symbols and equations, the engineer can em- 
ploy the methods and techniques of the mathematician 
to solve practical problems posed by the symbolically 
represented physical properties. As the time lag be- 
tween scientific discoveries and their practical ap- 
plications decreases ever more rapidly, engineers find 
that their need for mathematical skills to solve com- 
plex design problems increases accordingly 

Problems in science and engineering that can be 
represented mathematically lead more often than 
not to the formulation of one or more differential 
equations. Differential equations are the most useful 
mathematical models to deal with the vast category 
of problems associated with mass, motion and time, 
from predicting the future path of Neptune in the 
heavens to finding the path of an electron in an elec- 
tron microscope and, therefore, for the study of 
phenomena in continuous media, such as the propaga- 
tion of waves, the flow of heat, diffusion, static or 
dynamic electricity. 

The application of differential equations may be 
classified for the electrical engineer into network and 
non-netwerk categories. In network applications the 
independent variable is always time, whereas in non- 
network applications the independent variable may be 
time or length. 

In the treatment of basic differential equations be- 
ginning on the facing page, Author Kraus uses a mass- 


a a a ee 


spring-damper system to demonstrate many of his 
examples. The physical properties of the system are 
symbolized algebraically (and numerically for each 
specific case) and their interaction is represented by 
mathematical operations. We know, for example, that 
a pendulum (like the mass-spring-damper system) is 
a mass in motion, and that this motion is dependent 
upon the specific weight of the mass, the length of the 
suspension, etc. And we also know that this motion 
varies in time. The motion of the pendulum is thus a 
function of a variable and its derivatives (or differen 
tials). Such a function is called a differential ex 
pression, and an equation composed of such functions 
and operations is a differential equation. 

What does this mean in terms of the mass-spring- 
damper system described by Author Kraus, or the 
pendulum shown by cover artist Jan Van Eerde? If 
our independent variable is time, the motion of the 
spring, or the pendulum, will depend thereon; and by 
expressing all physical properties in the system by 
mathematical symbols, we can determine mathemati 
cally just what this motion will be at any specifi 
instant. And by changing the weight or the character 
istics of the spring or the length of suspension, we 
can predict and, therefore, control the motion. 

This is the basic principle of all applications of 
differential equations; applications that are unlimited 
in variety. Other typical examples would be studying 
the effects of temperature rise upon the grid wires of 
a uhf triode; analyzing a belt-pulley system where 
the pulley rotates so that there is slipping ; determin 
ing the terminal velocity of an electron accelerated for 
a certain distance by a constant electric field of known 
magnitude; or describing the operation of a circuit 
where each mesh, or node pair, is expressed in terms 
of a single current, or voltage, and the independent 
variable is time. And upon such simple instances, we 
may build complex configurations and establish, for 
example, a set of simultaneous differential equations 
to describe multi-mesh, or multi-node, networks 

The development and widespread use of analog and 
digital computers has made the solution of the most 
tedious differential equations feasible. In the analog 
differential analyzer, input and output is by means 
of curves. The numerical method of solution is, of 
course, best suited to digital computers where the 
greatest accuracy is achieved by means of many short 
steps, since the integrators are really accumulators 
which essentially perform integrations by series of 
summations. Many new methods of working with 
differential equations are being developed, such as the 
Monte Carlo method (i.¢., the use of functional equa- 
tions in connection with probability problems) and 
many others currently described in the literature 


> >. * 


Allan Kraus is well-known to the readers of ELectrica. 
Manuracturninc as the author of “Heat Flow Theory” 
(April 1959), “Determinants and Matrices” (together with 
Gerald F. Ross, December 1959) and other articles. He was 
granted a bachelor’s degree by Yale in 1946 and a master’s 
degree by Columbia in 1949, both in mechanical engineer- 
ing. In 1958 he obtained a master’s degree in electrical 
engineering from the Polytechnic Institute of Brooklyn. 
He is a licensed professional engineer in the State of 
New York. He is a senior engineer in the Advanced De- 
velopment Department of the Counter Measures Division 
of the Sperry Gyroscope Company, where the use of 
mathematical models for complex physical problems is 
a daily occurrence. 
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A NATURAL LAW describing a physical phenomenon is re- 
garded as definitive only when it can be expressed by a aaa ae 
mathematical equation. This equation is a formulation ot pring of : 
the relationship of at least two variables: the dependent 
variable upon whose behavior attention is focused, and the 
independent variable which determines this behavior. A 
mathematical equation containing not only the variables 
themselves, but rates of change of these variables (deriva- ‘ M 
tives), is called a differential equation 
The ability to formulate and solve differential equations 
is invaluable to any engineer investigating the laws govern 


ing such diverse natural phenomena as electrical circuits, = ; ; 
heat conduction, the bending of a beam, or the motion of ' a 

a rotating shaft. In the course of this article, we shall ' 

analyze the application of differential equations to one / |—Mass-spring-damper system 


such phenomenon, the mass-spring-damper system, shown 
in Fig. 1. This system contains a weight, a spring whose 
resisting force is proportional to the displacement, and a 
dashpot (or damper) whose resisting force is proportional 
to the rate of change of displacement, or velocity, of the 
weight. Three curves, representing the displacement of the 
weight as a function of time, are shown in Fig. 2. These 
curves are markedly dissimilar to one another, as we shall 
explain in this article. The behavior of this system can, of 
course, be observed by constructing a model; however, it 
cannot be analyzed without an understanding of the ap- 4 
plicable differential equation and its solution. We shall 
present techniques to solve the differential equations that 
predict the behavior of such systems, using the specific 
mass-spring-damper system to illustrate several basic con 
cepts 

The reader who is interested only in the methods of 
j solving equations may omit those paragraphs marked with 
| a marginal dashed line, wherein derivations and theory are ‘ 
| discussed . 


Definitions of Terms 


A mathematical relationship involving one or more de- 
rivatives of a function is called a differential equation. If 
all the derivatives appearing in the differential equation 
are ordinary, or total, derivatives, the equation is called an 
ordinary differential equation. If partial derivatives are 
present (i.e., rates of change of the dependent variable 
with respect to more than one independent variable), the 
equation is said to be a partial differential equation. 5 

The highest-order derivative in the differential equation 
dictates the order of the differential equation. The degree 
of a differential equation is determined by the highest 
power to which the dependent variable, or any of its 
derivatives, is raised. Any equation (no matter of what 
order) of the first degree of the dependent variable and 





be eee : 


Time, seconds 


all i erivatives is called a linear srential equati 

all its derivatives i called a li 1ea differential equation. All Fig. 2—Curves representing the displacement of weight as a 
others are called non-linear differential equations function of time 
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Any functional relationsnip among the variables which 
is free of all derivatives and which, by substitution, re- 
duces a given differential equation to an identity, is a 
solution to the given differential equation. A solution of 
a differential equation of order n, which contains n inde- 
pendent arbitrary constants, is the general solution to the 
differential equation. Any solution obtainable from the 
general solution by assigning specific values to the arbi- 
trary constants is called a particular solution. 

As an example, consider the differential equation 


d*y 
a Ys 19y =O 
drt * % + I2y 


which is of the second order and first degree, and, thus, 
a linear differential equation with constant coefficients 
(namely 1, 7, and 12) and a general solution 
y = Ae* + Be 
Given the boundary conditions that at x = 0, y = 2, 
and dy/dx == 0, we can obtain a particular solution: 


Vv = fe 3s — 6e"* 


First-Order Differential Equations 


The Method of Separation of Variables 


The Method of Separation of the Variables is a means 
of solution that applies to a first-order differential equation. 
if we have an equation that can be adjusted by algebraic 
manipulation to the form 

hi(y) dy (Ar) dr 0 


a single integration will immediately yield the general 


solution 
fy (y) dy 


' fre) dr ( 


e Example 1. Find the general solution of the equation 


dy 
dr 


Solution 
(1) Simplify the right-hand member 


dy 


dr 


(2) Manipulate algebraically to separate variables 


rL: 


e Example 2. Find both the general and the particular 
solution of the equation 


tr’? dz 


2rv dy br ds 


when « : 2 


Solution 
(1) Manipulate algebraically to separate the variables 


+ 3r) dz 


2v dy ( < =) dr 
r 


(4r + 3) dz 
ic dr+3dr 


2ry dy (42° 


(2) Integrate to obtain the general solution 
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f2y dy = faz dr + J 3 dz 


y? 277+ 374+ C 


(3) Substitute the given conditions to obtain the par- 
ticular solution for the given conditions (x = 1, y = 2) 


(2 = 20 + 31) + € 
4#=2+34+C 
-1l=C 


y? = 972 + 37 — 


The Integrating Factor 


If a first-order equation is of such a nature that the 
variables appear not to be separabie, it may still be pos- 
sible to reduce the equation to a form that will allow 
integration by combinations. The use of an integrating 
factor then permits the immediate integration of the re- 
sultant equation to yield the general solution. Consider, 
for example, 

9 


dy 32 + 2y 


dr 3 — 2z 


and attempt to separate the variables: 


(3 — 27) dy = (32 + 2y) dz 
= 32 dr + 2y dr 
= 2rdy + 2ydr 


3dy 2r dy 


3dv 3x dr 


The left-hand member is easily integrated and creates no 
problem. The right-hand member contains the sum of two 
terms, neither of which can be integrated individually. As 
a combination, however, the entire right-hand member can 
be integrated as a sum since it is recognized as the deriva- 
tive of the product 2xy. Indeed, if the equation with the 
variables separated is written as 


3dy — 3x dr = (2r dy + 2y dr) 


integration can be performed immediately to yield 


fs dy [32 dr = fez dy + 2y dr) 


3 { dy -~3 E dz = 2 fc dy + y dr) 
3 


3v — > r 2rv + C 
2 


3y — 3 ys —2ry =C 
which is the general solution. 

If the equation with the variables separated contains a 
term that is not recognizable as a sum, or as another one 
of the more common forms shown in Table I, the situation 
may be remedied by means of the integrating factor. 
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Table I—integrable Combinations and 
Exact Differentials 


(i) rdvy+ydz d(zry) 
ad zdy —ydr (=) 
(2) z d ~ 
(3) : dy — y dz d (arc tan y ) 
r+y z 

xdy —ydr l z+y 
@ r-y ¢ ( 9 8 z- x) 
(Ss) 2ry dy : y dz d (=) 

zr z 


Consider the general form of the linear, first-order dif- 
ferential equation 


fay + fz) y = fz) 


dy 


dz 


! 

i 

! 

i 

I 

I 

| Dividing through by f,(x) will yield 
i 

! + Piz)y = O) 
| 

! 


j where (f(x) )] = Pix) and [f,9)/[/,(0] = Ot). 


| The form of this equation suggests that the left-hand mem- 
j ber is a product of two variables, one of which is y. Call- 
jing this product y+ z, we will have for its derivative 

dy . dz 


+ Vv 


"kt 'a& 


I where z itself is a function of x, which is to be determined. 
lWe may multiply the general form by some arbitrary func- 
tion, R(x), to obtain 


R(z) S + R(x) P(x) vy = R(x) O() 
and we recognize that, if the left-hand member is to be the 


exact derivative of the product y~ z, then 


z = R(x) 


dz 


and a?" R(z) P(r) z P(r) 


variables to yield an integrating factor 


dz 
z 


" 


P(x) dz 


log, z = fro dr 


2 = elPiz\& 


2 


I 
! 
! 
| 
! 
! 
! 
I 
I 
! 
! 
I 
| 
| 
! 
bare last expression may be evaluated by separation of the 
I 
i 
i 
i 
i 
i 
{ 
i 
i 


If the convention is adopted that the left-hand side of 
the differential equation contains the derivative of the de- 
pendent variable and the dependent variable itself, then the 
integration of this left-hand side after multiplication by 
the integration factor will yield the product of the de- 
pendent variable and the integration factor. 


e@ Example 3. Find the general solution of the equation 


Adv + Gry +2 —4)dz = 


Solution 
(1) Attempt to separate the variables 


, dy 


nat 3Szy +z-—-4 0 
dy  3zy ,2 4 
— + — > - ~=0 
dr r > #£ 
dy , 3y 2 ‘ v 
dr z z 


(2) Note that the equation lends itself to the use of 
an integrating factor 


P(x) « 


2) -(*5*) 


(3) Compute the integrating factor 


z e Pis) ds 
rs d. 
[Pe dr dz 3 = 3 log. z log, z 
J J 2 Jz 
e Pisa) @& zr 


(4) Multiply the equation by the integrating factor 


dy 3y z ‘ dy 
Caaf 5 r 3 }. 7? 4 ( 
+ [ dr zr 2 ] dz - , ? ; 


(5) Integrate to obtain the general solution 


iG S + 3z*y) dr + | (s tr) dr v 
. ar . 
zy ~ 2r ( 
' 3 


Note that the integration of (x«* dy/dx 3x*y) yields 
x*y, which is the product of the integrating factor, x’, and 
the dependent variable, y 


Summary 
To solve first-order differential equations 


1. Attempt to separate variables by algebraic manipula- 
tion. 

2. Be aware of the various integrable combinations and 
the functions of which these combinations are exact dif 
ferentials (see Table I). 

3. If the equation is still not integrable, compute the 
integrating factor. 

4. Multiply every term of the given equation by this 
integrating factor. 

5. Integrate both sides of the resulting equation. If the 
left side is designated by the convention proposed herein, 
the integral of the left side will be the product of the 
dependent variable and the integrating factor 


Homogencity 
Any function, F(y, x) is said to be homogeneous of a 
degree m, if there is a quantity, a, which yields 
flay, ar) = af(y, 7) 
If a first-order differential equation of the general form 
Silty, z) dr + 


has coefficient functions, f,(y, x) and /.(y, x), of the same 
degree, then the equation can be reduced to a form ready 
for integration by the Method of Separation of the Vari- 
ables by making the transformation y = ux or x == vy. 


fly, r) dy 0 
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The differential equation is called a homogeneous equa- 
tion if the coefficient functions, f,(x, y) and f,(x, y), are 
homogeneous functions of the same degree. 


e Example 4. Determine the general solution of the 
equation 


dy 
dr 


Solution: 
(1) Determine if the equation to be solved is homoge- 
neous by substituting ay and ax into the original equation 


ady dy rs (ary T (ayy 


a'r + a’y* 
adr dz 


aX(z*+y) z+y 
(ar) (ay) a’ry ary zy 


(2) Since the equation is homogeneous, make the trans- 
formation, y ux, and solve 
y ug 


dy udzr+zdu 


dy es 
dz ry 
ry dy = (z* + y*) dz 
z(uz)(u dz + z du) = [z* + (uz)*} dz 
u*z? dz -++ uz' du = (z* + u*z*) dz 
ee (= a u*z? 


u’dr + uz du ; 
z 


) dz = + ut) dz 


u’dz + uz du = dz + u’ dz 
uz du = dz 


dz 


z 


fF 


= logz +C 


udu = 


=log.z + C 


= 2z*flog. z + C) 


Higher-Order Differential Equations 


The Differential Operator 


Let the symbol D denote a differential operator indicat- 
ing the operation of differentiation of a function or de- 
pendent variable with respect to an independent variable. 
When placed to the left of any function, for example y(.), 
the symbol D indicates that the function y(x) is to be dif- 
ferentiated and the result of this operation will yield the 
derivative of the function. Then 


d 
Daz. 


(Note that the symbols p or s are sometimes used instead 
of D.*) 

The concept of the differential operator may be carried 
further to consider multiple differentiation. For example, 


P d d d d 
DD = D ° dr dr [ dr | dz* 


and, in general, for the n‘* derivative of a function 


: d* 
‘ dr* 


Db 


Consider, for example, the equation 


d’y _ dy 


ro + OY « 
dz? dz . 


This equation may be written in operator form 


(* + 5D + 6)y = 0 


showing that the operator, (D* -+- 5D -+- 6), is applied to 
the dependent variable, y. Verbally, this means: “Take the 
second derivative of the function y(x), add it to five times 
the first derivative of the function y(x), and then add to this 
six times the function y(x) itself. The sum of these, when 
set equal to zero, yields the differential equation (d*y)/(dx*) 
+. S[(dy)/(dx)] 4+- 6y 0. 

The term homogeneous is used to designate a relation- 
ship between a variable and its derivatives that is equal to 
zero, and does not carry the same meaning as when ap- 


* The symbols p and s are more commonly used as the variable in the 
Laplace transformation, and are really complex variables of the form ¢ + jw, 
rather than an operator. See “Automatic Control System Design—2,”" Ira 
Ritow, ELRcTRICAL MANUPACTURING, May 1959, 
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plied to a first-order equation. (Although this difference 
in meaning is most unfortunate, it is universally accepted.) 

Although the differential operator is not an algebraic 
quantity, it does have many of the properties of such quan- 
tities and may be manipulated algebraically. For example, 
consider the operator cited above and let it be represented 
as a polynomial in D 


f(D) =D? +5D+6 
According to the Distributive Law* we can factor f(D) as: 
f(D) = BP +5D +6 = (D+ 3)(D + 2) 
Let this polynomial operate on some function, for example, 
y= f@) =2#+e™ 
and let it be proved that 
f(D) f(z) = [D* + 5D + 6) [z* + e*] 
= ((D + 3)(D + 2) [2 + e*] 


= ((D + 2)(D + 3)] [z? + e*] 
= 6 (2? + 2147" + 2) 


+ 6] [z*? + e**]} 
D* [23 + eo) + 5D [2 + e**) + 6 [2 + &*] 
= 6r + 4e°%* + 152° — 10e-** + 62° + 6e°*% 
= 6z* + 1527 + 67 
6 (z* + 21442" + 2) 


3) (D + 2)) [z? + e**] 
= (D + 3) [D(z* + e**) + 2(2* + e*)) 
= (D + 3) (3z* — 2e** + 22° + 2e-*) 
= (D + 3) (2z° + 32°) 
= D (22° + 3z*) + 3(2z' + 32°) 
= 6x? + 6r + 62° + 9z° 
= 6z° + 15z* + 62 
= 6 (2° + 21427" + 2) 


and, furthermore, according to the Commutative Law 


* See “Logic — and Switching Circuits," Alice Mary Hilton, ELecrricat 
MANUPACTURING, April 1960, p 123 
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(D + 2) (D + 3) [2 + e*] 

= (D + 2) (D2 + e™*) + Xz + e*)] 

= (D + 2) Gx* — 2e** + 32° + 3e%*) 
(D + 2) (32° + 32° + e**) 
Dz? + 328 + e*) + 20329 + 3z* + e*) 
92° + 62 — 2e™ + 6r 6r* + 2e-** 
6z* + 152° + 62 
6 (x? + 242° + 2) 


Proceeding further, the polynomial in D can be factored 
to yield the roots of the equation 


f(D) 0=(D x,)(D — z)---(D zr.) 


if any general differential equation in operator form can 
be written as 


(D* + D' + Dp Bb? + D+ 1)» 0 
then, assuming, of course, all coefficients to be equal to 
unity, one can also write 
(D — m)(D — 2) (D — 2) (D — ra-1) WD — 2) 9 0 


from which it is obvious that any solution of the equation 
(D—z,)y =0 
will also be a solution of the general differential equation 


proposed. This solution is readily found by the Method of 
Separation of the Variables, as previously shown, 


(D Ta) 0 
dy 0 
T.¥ 
dr 
dy 
= Za dr 
y 
“dy 
| Ze faz 
. ¥ . 
log, y Z_t 7+ log, < ° 


Taking antilogarithms gives the result 


Va ce" 
This procedure may be repeated for each of the roots of 
the polynomial operator to yield, as a solution to the n**- 
order, homogeneous, first-degree equation, a series of ex- 
ponentials, each preceded by an arbitrary constant. 
The solution to the linear, higher-order equation is based 
on the selection of the solution 


¥ ems 


and its substitution into the equation. If this solution is 
substituted into the general, higher-order equation 


(a,D" + a,D°" + a,D* 4 a,_21¥ + a,_,D + a,) 0 
one obtains, after factoring, the auxiliary equation 
(agm" + aym*~' + agm®™”? 4+ --- +a,_9m® + a.m a,e"* 0 


Since e™ can never equal zero, regardless of the values of 
m and x, it is necessary that 


agn*® + aym* 4+ agn*™?* + --- + a,_ym’® + a.m +a, = 0 


This equation can be solved. It will generally be satisfied 
by n roots of m, specifically 


Ma, Mai, Mar, +** M, and m 


A solution to the general higher-order differential equation 
is then obtained as 


y = ce 4 ces” +--+ + tn_ge™*-™* 4 6,107") + cne™"* 





* The arbitrary constant is not written as cn, but as log. cn because log, cn is, 
in itself, a constant. 
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as long as all of the roots are different or unequal. If there 
is a pair of equal roots, a slightly different condition pre- 
vails, which will be discussed later 

Given the homogeneous equation 


D* + P(r) D Or) y 0 


There will be a 
solution 


y cy 


' 
| 
| 
| 
jtor which y, and y, are two solutions 
! 
| 
| 


IThis can be proved by substituting y, into the original 
j equation, which gives 


lip? + P(r) D + O))y 
DP + P(r) D + O(z)) New Ca¥ 
D* levy, + czy2] P(r) D ley C+ OCr) levy 
, By, + & Dy P(r) le, Dy cy Dy.) Ot) levy + Cave 
¢, (DP + P(z) D + O(]) |, + & (D* + PW) D + OW))y 


Since y, and y, are solutions to the original equation, it 


is obvious that 
Dp Pir) D Or) (0) + «f0) 0 
and hence 


Next consider the two solutions, y, and y., and substitute 


them into the original equation to obtain 


PP + Pir) D OCr))y i Ptr) Dy 


("ry 0 


TY + Pir) D + Or) ie Pir) Dy (tr) ¥ 0 


These equations may be solved simultaneously by multi- 
plying the first by y. and the second by y,, giving 


and by subtracting the second equation from the first 


vy, D’y D Db *Dyv.) P(r) 0 


Now define a determinant 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
1 
| 
| 
| 
| 
| 
| 
| 
| 
| 
|* 
| 
| 
| 
| 
| iM 
| bb vy, Dy 

Dy, Dy 
| 
| which is a combination of the two functions y, and y 
The derivative of 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


known as the Wronskian of and y 


this Wronskian will be 


DW = Dy, Dy; — ys D 
Dy, Dy, - Db Dy, D lL» 
vy, D% V3 TP, 
From the subtraction of the two adjusted simultaneous 
equations, namely 
v; D*y, vy D (v. D Dy.) P(r) 0 
it is obvious that 
DW W P(r) 


which is an ordinary, 
equation that can be solved, 
Separation of the 


first-order, homogeneous, differential 
by applying the Method of 
Variables, to yield 


dW 


dz W P(r) 0 


dV 
v 
log.W = - 
W Ciet 


P(x) dz 


P(r) dr 


Pinjds 


log, Cis 


* See “Determinants and Matrices A. D. Kraus and G. F 


Ross, Beecrricat 
| Manuracturino, December 1959. p 133 
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lwhere the constant indicates a consideration of the two 
! solutions, y, and y,. 
Consider now y, and y,, and y, and y,. From the fore- 
| going, 

ys Dy, vy; Dy, Cye™)? 


ys Dys 


j and Vv, Dy, Cat Pin) ds 


Solving these equations simultaneously for y, gives 


Vian Pie) da Vote” [Ph (=) ds 


v; Dyy vy, Dy 


But, since 


‘“ Dy, y Dy, 
then 


if the Wronskian, W, is not identically equal to zero 
Finally, 


- 2 Ay; + By: 


| This last expression indicates that any solution, y,, can 
| be formed as a simple combination of the solutions y, 
|and y,, regardless of the values of A and B, and subject 
lonly to the condition that the Wronskian does not equal 
| zero. Thus, an infinite family of solutions to a differential 
equation can be obtained whenever two solutions are 
known and—as long as the Wronskian does not equal zero, 
which is a condition for these two solutions—it is assured 
| that the infinite family of solutions contains every possible 
j solution. (Whereas this applies only to the second-order 
| equation under consideration, this reasoning can, of course, 
| be extended to higher-order equations.) 

Next, consider the specific, linear, second-order, homo- 
geneous, differential equation 


(ab® + bD +-¢) y 
and write the auxiliary equation 


an? + hm + ¢ 


vb tac 


2a 


with roots 


vb 4ac 


2a 
The solution to this specific equation is 


Be" 


y ‘ 1e" 2 


wherever m, does not equal m,,. 

Wherever a, 6, and c are of such a nature that the 
radical vanishes, the peculiar condition that m, equals m, 
occurs, and the solution might appear to be 
orf 


vy = Aes” + Be™* = (A B) e™:* 


b 


2a 


where m =m 


However, this clearly cannot be the solution to the equa- 
tion, since any second-order equation must have two (not 
one) arbitrary constants. 

Whenever the roots of the auxiliary equation are equal, 
it is necessary to find a second independent solution. Since 
it has been proved that 


y te") + Be™:" 


for all values of the constants, A and B, assume that 
1 B 
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me ™,* 
nem 8 F = 6 


y = Ae™:” + Be"? 


Then my - m 

The limiting case of m, being equal to m, yields an in- 
determinant form, 0/0. However, by differentiation of the 
numerator and denominator with respect to m,, (de 
L'Hospital’s Rule) 


and in the limiting case, where m, equals m,, 


ms 
y =ze! 


Thus, both y, = e™* and y, == xe™* are solutions to 
the differential equation when the roots of the character- 
istic equation are equal. This can be verified by substituting 
their sum into the original equation, proving that the result- 
ant expression is identically zero for the roots m, == m, 
= —(b/2a), and then proving that the Wronskian does 
not vanish. 

The foregoing covers the only two possible conditions 
on the roots of the auxiliary equation. Either the roots 
are unequal (m, # m.,), in which case the solution will 
take the form 


m2 z Be"? 


or they are equal (m, == m,), for which the solution is 


y = Ae" + Bre™” 


There is, however, an added ramification which can be 
applied to the condition of root inequality. According to 
the laws of algebra and the theory of equations, the roots 
of any equation may be either real or imaginary, but 
imaginary roots must occur in pairs. In other words, 
imaginary roots must be complex conjugates of each other. 

Consider the second-order homogeneous equation used 
above: 


(al + bD +c)y = 0 
with the auxiliary equation 
am? + bm +c = 0 
As shown previously, the roots are 


or Vv B — 4ac 


9 


m4, 1% = - 
2a 2a 


and, if b* > 4ac, the solution can be set down as shown. 
If, however, b? < 4ac, the roots will be 
b i Vv 4ac — 8 
m, m= — - 


2a 2a 


where i == \/—1 and -1. Or, in simplified form, 


m, My = a + 18 


b 


2a 


Vv 4ac — b 
2a 
The solution, in this case, is 
y = Ae + Bs + Bela - s6)s 


which is a rather inconvenient and cumbersome expression 
that can be overcome by considering the Euler Relation- 
ships, which relate a complex exponential to a summation 


lof sine and cosine terms. This is done by expanding the 
lexponential in a MacLaurin’s Series. First, however, the 
lcommon term e®* can be factored out. Hence 


y fel +8)? 4. Bela- is) = eat (Agiss 4 Be- i82] 








First consider e'**, for which the MacLaurin’s Series 


is 


(ipr)? 4 (igr)* r 
3 ! 4! 


+ 


es = 1 + ifr + (ez) 


and, since —1, we find that 
(sr? (sry (gr) 
“ee et ee 


ees = ] + ifr 


Grouping the real and imaginary terms will yield 


“its (1 _ Grp , (gr)* + ++) + 


st * at 
(sz , Gry | +) 
i (ax - 31 ts! 


which are, obviously, equal to 


e8: = cos 8x + isin 3r 


(sry (sry (sry 


cos Br l a) + 4! 6! 


since 


(sr) (8r) 


and sin 8x = 8r — + —— 
3 21 


Replacing the i8x with —i§x gives a similar result: 
e-*8* = cos 8r isin 8z 


and the solution can be written as 


li 
! 
| 
| 
| 
| 
| 
| 
! 
| 
| 
| 
! 
| 
| 
! 
| 
| 
| 
| 
| 
| 
| 
| 
! 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
! 
| 
| 
| 


. e*? (A (cos 8r + isin 8r) B (cos 8z isin Br) 
or, by multiplying out and grouping terms, 
e** (A cos 8r + B cos 8r + Aisin 8x — Bisin Br) 
y = eo ((A + B) cos Br + i(A B) sin Br 
Since A +- B and i(A — B) are constants they can be 
lumped into two new constants, c, and c,. This yields the 


general solution to the second-order, homogeneous, dif- 
ferential equation when the roots of the auxiliary equation 
are complex conjugates, namely 


e** (c, cos Br + ¢. sin Br) 


Summary 


1. Write the equation in operator form and then write 
the auxiliary equation substituting m’s for D’s 
Solve the auxiliary equation. 
3. Set down the general solution as indicated in Table II 


Table li— Form of Solution of a Higher-Order, 
Homogeneous, Differential Equation with 
Constant Coefficients 





Nature of roots of auxiliary 
equation General solution of equation 


(1) Real and unequal 
m ~ m #~m Ys 4e71)" + Be" Oe 
(2) Additional real and 
equal roots 

mg ig = MM m vi ken Frem* + Gre” 

(3) | Additional conjugate 
complex 
mz, =a +B v. eo)” (H cos Ayr I] sin Br) 
Ms, Mie = a2 * LPs e"” (J cos Bor + K sin Br) 
Y=Yety+y 


e Example 5. Determine the general solution of 


d*y dy dy 


tT < q 0 
dr’ dr* dr BY 


Solution: 
(1) Write, in operator form, and then write the auxili- 


ary equation 
(D* + 3D* — D — 3)¥ 0 


m' + 3m? m 3 0 


(2) Solve the auxiliary equation. By substitution, it 


becomes obvious that , 1 and | are roots, since 
ay + 301) l 5 l 3 l } 0 
(—1)? + 3(—1) (—1) } 1+3 I 5 0 
(—3) + 3(-—3) ( 4) 5 iT +2743 } 0 


The three roots of the auxiliary equation are 
m $m 1, m l 
(3) Write the general solution 
y le 4 Be . ~ eo 
e Example 6. Determine the general solution of the equa- 


tion 


dy ay dy 
, 12 


Solution 
(1) Write, in operator form, and then write the auxiliary 


equation 
(D 5D izp ) v 0 
m one’ + L2m 8 a 
(2) Solve the auxiliary equation. Attempt to locate a 
root by substituting several integers into the auxiliary 
equation 


for m l 
(—1) > 1)? + 12¢ 1) % I , 12 26 
for "” 0 
(Oy —SCOY + 1200) —8 
for m l 
(1)?—501y + 1201) —8 l >+ 12 -8 0 
By this method m 1 as proved to be a root 
Divide the auxiliary equation by the factor, (mm 1) 
im + 8 
(im 1) m oe’? + 12m % 
(m me) 
tm’? + 12m 
( irr ten) 
um u 
(fm 8) 
i} 


Solve the reduced auxiliary equation for the other roots 


m tm + & 0 
t+ v(—4) (1) (8) t* vl6 2 
tial 
2(1) 2 
i = Vv 16 | be 
m 2 21 


The three roots of the auxiliary equation are 


m l. m 2 21 om 9 2; 
(3) Write the general solution 
fe? + e* (B cos 27 + © sin 27) 


e Example 7. Find the general solution to the differential 
equation 
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d*y d*y 


do 6 Fa —32y =0 


Solution 


(1) Write, in operator form, and then write the auxili- 
ary equation 


(D> + 6D* — 32)y = 0 


nm + 6m? — 32 0 


(2) Solve the auxiliary equation. Attempt to locate a 
root by substituting several integers into the auxiliary 
equation. 


for m —1l, (—lL} + 6(—1)* — 32 — 32 = 27 
for m 0, (OY + 6(0) — 32 = —32 
for m a ay + 6ay 32 1+6 — 32 = —25 
for m 2 (2yY + 6@2y 32 8+ 24 —-32=0 


By this method, m == 2 is proved to be a root. 
Divide the auxiliary equation by the factor (m 


i Set 
(m — 2) | m? + 6m? + Om — 32 
— (m? — 2m*) 


8m? + 0 


- (16m mt 32) 
i) 
Solve the reduced auxiliary equation for the other roots 


m? + 8m — 16 


~8 s V¥(8)?—4(16) -—-8+ V64—-—64 -8=0_ 
Ne ee o : 9 : 


- _ a 


=—4 


m= 


m= —4 (twice) 
The three roots of the auxiliary equation are 
m, = 2,m, = —4,m, = —4 
(3) Write the general solution: 


y = Ae + Be + Cre 


Application 


The mass-spring-damper system shown in Fig. 1 con- 
tains a weight, W, suspended on a spring from a rigid frame. 
The so-called “stiffness” of the spring is represented by the 
spring constant, k, defined as the number of pounds of 
force necessary to extend or deflect the spring one inch. 
There is also a damping mechanism which does not act on 
the weight as long as the weight is not in motion. However, 
as soon as the weight moves, the damping force exerted 
by the damper is proportional to the velocity or rate of 
change of displacement with time. The quantity, C, known 
as the damping constant, is expressed in units of Ib-sec/in. 

The system is characterized by a displacement coordi- 
nate, x, whose origin is at the so-called “rest” position of 
the weight. If the weight is displaced to the extent of a 
distance, x,, from its original position, and then released, 
the motion of the weight can be completely described by 
a linear, second-order, homogeneous, differential equation 
whose solution will be an expression for the instantaneous 
displacement of the weight as a function of time. This dif- 
ferential equation of motion must, of course, be a mathe- 
matical representation of Newton’s Second Law of Motion. 
(The time rate of change of momentum is equal to the 
force applied, where this force is the product of the mass 
and the acceleration.) * 

Forces acting on the mass in the direction of positive 
displacement (downward) are denoted as positive. The 
spring force will have the magnitude kx, and its sign will 
be negative, because the spring pulls upward on the weight 
when the displacement is downward. Hence 


fk kr 


The damping force acting on the weight is also negative, 
because it acts against the velocity dx/dt. If the weight is 
moving downward with the velocity dx/dt, the damping 
force (proportional to dx/dt) will tend to resist this down- 
ward motion. Therefore, 


ds 
f 
dt 


According to Newton's Second Law of Motion, the two 
external forces, F, and F,, must equal the product of the 
mass of the weight and the acceleration 


. W dr 
F q df 


* For a sotution of the same problem by clectrical analogs. see “Network 
Analogs for Mechanical Systems,"" Etrcretcat MANnuractuRING, June 1960, 
p 105 
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dr 
al » 
or kr di 


This, of course, yields the differential equation of motion 
of the single-degree of freedom system 


W dz dz 
+C + =) 
q dt at 


which may be written, in operator form, as 


(= [IY + CD + k)z- 0 
g 


where D d/ dt. 
The solution to this equation of motion may be found 
in the customary manner. First, form the «auxiliary equation 
Ww 


74 Cm 
g 


and solve for m 


This expression for the roots of the auxiliary equation is 
rather cumbersome and can be simplified to 


Cg Cg kg 


I o 
a a “V/ (ar) o 


by merely multiplying both numerator and denominator 
by ¢/2W and then factoring this quantity under the radical 
sign. 

Consider, as an example, a spring constant, k, of the 
value of 5 lbs/in. (kK = 5), and a damping constant, C, 
of the value of 5 lIb-sec/ft ( C = 5), and a weight of 
193.2 lb. The roots of the auxiliary equation are: 


- 5(386.4) 7? 
2(193. 2) 


5(386. 4) 
193.2 


5(386 .4) 
3193.2) ~\ [ 
#-10=-5 + V3 —-—10 


—5 = 3.873 








oT, 


Contribution by 4582e 


=~ + + + + . + 





splacement of weight 
mw 
2 


n 
Uv 
al 
. 


Fig. 3—Curves representing the plotting of the two exponen- 
tials comprising the particular solution, as well as their sum, 


in case of overdamping. 


The general solution to the differential equation is 
therefore 


z= Ae ?T + Be* wu 
If the original displacement, x,, at time zero is 4 in., then 
4 = AciAre + Be-* #20 


or 4=A+8B 


In addition, at the instant the weight is released, the 
velocity of the system is zero, hence 


& =@ = — 1.127 Ae™"** — 8.873 Be**™™ | 
dt 


or 0 = —1.127A — 8.873B 


The two expressions for A and B can be solved simul- 
taneously to yield 


A = 4.582 
and B= —0.582 


and the particular solution to the differential equation of 
motion is 
z = 4.582e117! — 0. 582e84™ 


The two exponentials comprising the particular solution, 
as well as their sum, are plotted as curves in Fig. 3. (The 
curve representing the sum is similar to curve A of Fig. 2) 
Inspection of these curves (Fig. 3) clearly indicates that 
the system returns to normal after a certain time period. 


%6 






by 4¢ 





Contributor 





Time econds 


Fig. 4—Curves representing the plotting of the two com- 
ponents comprising the solution, as well as their sum, when 
damping is critical 


[In this, the overdamped case, the weight creeps back 
rather slowly to the “at rest” position.] 

Consider, as a second example, the same problem, but 
with a weight of 483.0 Ib. The roots of the auxiliary equa- 
tion are 


5(386 4) 5(386.4) 7 
m : 
2(483 .0) \ 2(483 0) | 


5(386 . 4) 
183.0 


wih 
te 
- 


my 


te w te te 


m™ 
In this case, the general solution is 

z ie + Ble 
and the same boundary conditions 


t i 4 


and dz 0 
anc di 


may be applied. First, we find that 


1 he 41 
1 1 


BO)e se 4 


and then, we find that 


dz 
0 2A + Be — 2Ble™ | 
di de Be Ble 
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Fig. S—Curves representing the plotting of the component 


parts, as well as their sum, in case of underdamping 


—~2A +B 
= —24) +B 
Be=8 


This is an example of critical damping; the particular solu- 
tion 1s 


z=4e% + 8le™ 


The two component parts of the total solution, as well as 
their sum, are plotted in Fig. 4. The similarity of the sum 
to Curve B shown in Fig. 2 is notable. It is obvious that 
the weight will return to its “at rest” position much sooner 
than it did in the overdamped example. [The return or 
“settling” time is the fastest when the damping is critical.] 

As a final example, consider the same problem, but with 
a weight of 772.8 lb. The roots of the auxiliary equation 
are 


. 5(386.4) /[ 5(386.4) 7] 5(386. 4) 
2(772. 8) 2(772 8) (772.8) 
—5 las\' 5 
~ “V (4) 3 
s/s @ -5 /—15 


"ea SS oe 
m = —1.25 + 10.968 
Mm = —1.25 — 10.968 
and the general solution is 
12 14 cos 0.9681 4 


r=e B sin 0.9681) 


JULY 1960 


We may, again, apply the boundary conditions, 


Zitue 4 
and S 0 
so that 
4 = ¢ 1% 1 cos 0.968(0) + B sin 0.968(0)| = A 
or A=4 


The derivative of the general solution is 


dz 


‘ ( ? 
di 1 cos 0. 9681 


|. 25¢ 


B sin 0.9681) + 





e '* |— 0 968A sin 0. 968/ + 0.968B cos 0.9681) 


and since, at / 0, (dx/dt) 


obtain 


0, one can, by substitution, 


0 1.254 + 0.9688 


from which we find that 


1. 25(4) a al 
B 0.968 =” ae 


This is an example of underdamping; the particular solu- 
tion for the given boundary condition is, therefore, 


z = e' [4 cos 0.968 + 5.17 sin 0.9681) 


The component parts of this solution, as well as their sum 
and product, are plotted in Fig. 5. The similarity to Curve 
C, shown in Fig. 2, is apparent. 

in this, the underdamped case, the weight oscillates back 
and forth about the “at rest” point until all vibration is 
damped out. It is obvious that the weight will eventually 
return to the “at rest” condit:un because of the presence of 
the e~'-*°* term in the solution.] 


The Nen-Homogeneous, Higher-Order 
Differential Equation 


The non-homogeneous, second-order equation may be 
written 


De + P(r) D + Ox)| ¥ = R@) 


where the term R(x) does not contain the dependent vari- 
able, y, or any of its derivatives. [Where R(x) is equal to 
zero, the homogeneous equation is obtained. Therefore, it 
is obvious that the homogeneous equation is simply a spe- 
cial case of the more inclusive non-homogeneous equation. ] 
| Consider Y, to be any solution of the non-homogeneous, 
| second-order, differential equation. If y, and y, are solu- 
| tions of the homogeneous equation obtained when the term 
R(x) is not present, then the complete solution of this 
homogeneous equation is, as before, 


Ys = CM tt Ca¥2 


The complete solution of the non-homogeneous equation 
will thus be 


Y= ey + C2Y2 + Vp 
Since y, and y, are both solutions to the non-homogeneous 
equation, then 

d*y 


det + O(7) ¥ = 


+ Pry R(x) 
dr 


yp 
dx? 


and h Par) + O(r) vp = R(x) 


dr 


Subtraction will give 


dy @yr) , [dy _ dye es 
[s dr* | pa | dr | + A) by — yr] = © 





Since the operation of differentiation is distributive,* 
this last equation may be written 


ad d 


aga Y — yr] + PO) = ly — ye] + O@) ly — yr] = 0 


which shows the quantity of y —yp as a solution to the 
proposed homogeneous equation. Hence 
¥ —Y¥p = Civ + Cove = Ys 


or y = ey + Cov: + Yr 


The complete solution to the non-homogeneous equation 
is, therefore, composed of two separate parts: a complete 
solution to the homogeneous equation which is called the 
complementary function, and some other solution which 
is called the particular integral. These may be recognized 
as the transient and steady-state solutions, respectively. 
The solution of the non-homogeneous equation resolves 
itself, therefore, into a determination of the complementary 
function (or transient solution) determined, as illustrated, 
after the term R(x) is set equal to zero; to this a particular 
integral (or steady-state solution) is added. Two methods 
of obtaining the particular integral are presented in the 
following sections. 


1. The Method of Undetermined Coefficients. One 
method of obtaining the particular integral, the Method 
of Undetermined Coefficients, requires one to make an 
“educated guess” about the form of the particular integral. 
This guess is substituted into the non-homogeneous equa- 
tion. The method has merit because differentiation only is 
required which, normally, is a less tedious operation than 

, integration. 
1 Consider the differential equation 


i) (2) = faoD? + a,DP™ + 


| which is a linear, non-homogeneous, differential equation 
| of the order p with constant coefficients. 

When the coefficient, 8, is equal to zero, the particular 
integral, y,, will be in the form of a polynomial in x, since 
j Successive differentiation of positive integral powers of x 
j would yield positive integral powers, but of a lower degree 
| For this case, one could write 


a,~D + a,| v(x) Cree 


| Vp = Gz" + Cer*' + O37? 4 t+ C.F + € 


PT 6 Fe Be ks c,.,, and c, are the undetermined co- 
| efficients. Assume that the differential operator, f(D), does 
| not contain the term a,, in other words, a, 0. In fact, 
| generally, we may suppose f(D) to be of such a nature that 
the auxiliary equation will yield the root m — 0, r times. 
The differential operator, f(D), can then be written as 


f(D) yz) 
and when only a, = 0, r = 


= @D) D'y¥(2) 
1 so that 
g(D) = (aeD? + a,D”™ + --- + a, ,D) 
The particular integral, in this case, would be written 


Yo ™ Qext”* + Cg” * + gx? 4 re f rT ¢€,z° 


If the constant, 8, does not equal zero, it is obvious that 
successive differentiation of the exponential e** will yield 
a reproduction of e® with an appropriate adjustment of 
the coefficient. In this case, the particular integral is written 


ye = (¢,x7 7° «+ Oe" P t ea rf Co" )OP* 


where, again, c,, C., . . ., C,,, and c, are constants to be 
determined. If the differential equation does not satisfy the 
j foregoing, i.e., if the equation is equal to a sum of trigo- 
| nometric relationships, the Euler formula (e'” cos x + 
|i sin x) may be applied to reduce the sinusoids or co- 
| sinusoids to exponential functions. This will then provide 
| 4 means for solution as shown. 


| * See “Logic — and Switching Circuits ELectTricat MAaNuractuRINe April 
+ 1960, p 123. 
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Table ili—Form of Assumed Particular integral 
If R(r) has 


Choose y, as 
the form: , ? 


(i) 
eC; 
a (a constant) 
(2) ont —— } 
on C:2%°+ Cor + Cor + ‘ + Cait en 
(3) z 
ae a 
(4) : 
a cos wr C; COS wr + Co SIN wr 
a sin wr 
(3) (e,2* t C,x* t tT Can it F Cans OO COS wr 


ar*e* COs wr 


. . s ; 3 
ar*e* sin wr + Cand + Conys) O*SID wx 


+ (Cox* + Cyr* 


Note: If any term listed above is already a part of the complementary 
function, multiply it by whatever is the least power of x« that will render 
it unlike the term of the complementary function 


This discussion of the theory upon which the Method 
of Undetermined Coefficients is based will show how the 
method has been developed. Even though, in practice, one 
does not wish to transform sines and cosines into exponen- 
tial form, or investigate the structure of the auxiliary equa- 
tion before one finds a solution, one must certainly follow 
a logical procedure. Such a procedure follows: 


Step 1; Solve the related homogeneous equation by forming 
the characteristic equation and proceeding in accordance with 
Table Il. This will be the complementary function 


Step 2: Set down the variable parts of the terms in the mem 


ber R(x) and the variable parts of any other terms obtainable 
by differentiating R(x), in accordance with Table III. This will 
be a general form of the particular integral y, 


Step 3: Group the terms found in Step 2, so that all terms 
obtainable from a single variable part of R(x) appear in only 
one group. 

Step 4: lf, in some group, any term is identical with a term 
of the complementary function (so found in Step 1), multiply 
this term by whatever is the lowest possible integral power 
of x that will make it differ from the complementary function 

Step 5: Substitute y, into the differential equation and per 
form the indicated differentiation 


Step 6: Solve for the as yet undetermined coefficients by 
equating equivalent terms on both sides of the equation 


e Example 8. Determine the general solution of the differ- 
ential equation 


dy dy 
9 
dx? dr 


Solution 
(1) Form the reduced homogeneous equation in opera- 
tor form. Write the auxiliary equation and solve 


(1*F¥ + 9D + 18)v = 0 
nm’ + Om + 18 0 
(m + 6) Cm + 3) 0 


The roots are m 6, m De 
(2) Find the complementary function (see Table II, 
Row 1) 


ve le ** + Be* 


(3) Choose the form of the particular integral (see 
Table II], Rows 1 and 3) 


VP Co + cw * 


(4) Substitute y, and its derivatives into the original 
equation 


Vp Co + ce ™ 
Dyp 2c." ** 
Dy; ic. ** 

~— 
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(D* + 9D + 18) yp 
Ace ** + 9( —2c.e°**) + 18(c; + Ge**) = 12 + 4e0°™* 
Ace os 18e.¢ ae 4 18e, + 1&c2 te = 12 + 4e ts 
18c, + (4c, — 18c, + 18¢,) e°** = 12 + 4e°* 
= 18¢, + 4c,.6°% = 12 + 4e°* 


(5) Equate the coefficients of equivalent terms and solve 


18e, 12 

12 2 

Cc; z 

i 18 3 

ie 4 
4 

] 
4 
9 

' 3 g= 


(6) Complete the general solution 


y Yo + vp = Ae + Be* +e? 


© Example 9. Obtain the general solution of the differen- 
tial equation 


d*y d*y dy 
~+6>~ + 1) + Oy r+ 
dr dr’ dr 


Solution 
(1) Form the reduced homogeneous equation in opera- 
tor form. Write the auxiliary equation and solve 


(I + 6D + 11D + 6)y = 0 


me’ + 6m? + llm + 6 0 


Attempt to locate the roots by substituting several in- 
tegers into the auxiliary equation 


for m # 

Gy+ 601" + 1101) + 6 1+6+4 1146 24 
for m 0. 

(0)? + 6(0) 11(0) + 6 = 6 
for m oe 

(—1)/+ 6¢—1" + 11¢—1) 6 i 6 —11 6 0 
for m 2 

(—2) + 6(—2)'+ 11(—2) + 6 8 + 24 —22 + 6 0 
for m 3. 

(—3y + 6(—3/ + 11(—3) + 6 27 + 54 —33 + 6 0 

By this method the roots are proved to be m, == —1, 
m 2, m 3 


(2) Find the complementary function (see Table II, 
Row 1) 


ie * + Be ™* + Co™ 


(3) Choose the form of the particular integral (see 
Table II], Rows | and 2) 


vs Cyt” - Cel 7 Cot tt Cy 


(4) Substitute y, and its derivatives into the original 


equation 
vs Or + or + OF + % 
Dyp yz? + 2or +c 
Dy; 6e,7 + 2, 
D'vp 6c 


Dy; + OlPy, + 11 Dy; + Ove 


6c, + O(6¢,7 + 2c.) + LIGeyz? + Jer + O)4 
O(¢,2° + Cor? + Cyr + &) +l 

(6c, + 12¢, + lle, + 6,4) + (36e, 4+ 22¢, + 6¢))2 
(33e, + 66) r* 4+ 67 r+il 


(5) Equate the coefficients of equivalent terms and solve 


6c, 1 


6 
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33¢, + 6¢, = 0 
1 
33 6c, = 0 
14) + 6¢; 
—33 
6c, = —— 
, 6 
ge ee 
kites mee 
36¢, + 22. + 6c, = 0 
ania eof —1i\ , 
36(¢) + 22(5; ) + 6; = 0 
121 
6 — 67 6c, = 0 
85 
6c; = 
6 
85 
“4 
36 
6¢, + 12¢, + lle + 6, = 1 
] 2( - >) (52) 
> « 21 — + + = 
6(6)+) j2 ) +136) +O = ! 
935 
is + 6, = 1 
l 1] 36 
360 935 ¢ _ 36 
36060 36 oe 
6c, e 
-" 36 
539 
Cs 
216 
l . - 85 539 
Ver _— - 
wy: 2S he 
(6) Complete the general solution. 
1 li . 85 539 


y vo+ ¥F 4e-* + Beo™* + Ce-*4 67 jo7 + 367 - 16 
e Example 16. Find the general solution of the differential 
equation 

d*y % dy 


+ + 2y = 3e7**+ cos’ 2r 
dr dr - 


Solution: 
(1) Form the reduced homogeneous equation in opera- 
tor form. Write the auxiliary equation and solve. 
(D* + 3D + 2)v = 0 
mn’? +3m+2=0 


(m + 2)(m +1) = 0 


The roots are m 2, m -1. 
(2) Find the complementary function (see Table II, 
Row |). 


ve 1e°** + Be? 


(3) Choose the form of the particular integral (see 
Table III, Rows 3 and 4) 


yp ce ** + ¢, cos 27 + ¢ sin 2z 


Note that the term e*” appears in the comple- 
mentary function. Multiply this term by x, which 
is the lowest power of x required to assure that 
every term in the particular integral differs from any 
term in the complementary function. 


yp = (re~** + ¢ cos 27 + ¢ sin 2z 
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(4) Substitute yp, and its derivatives into the original 
equation 


ye = ¢,re** + ¢, cos 2r + ¢; sin 2z 
Dyp = —2e,re"** + cye™* — 2c, sin 2r + 2c; cos 2z 
Di'vp = 4e,re~** — 2c,e-** — 2c,e~** — 4c, cos 2z — 4c, sin 22 
= 4¢,re°** — 4c,e"** — 4c, cos 2r — 4¢; sin 27 


(D, + 3D + 2)yp 
= 4c,r7e"** — 4oe°°%% — 4c. cos 2r 

— 6¢,re°*% + 3c,e°™* + 6c; cos 2r 

+ 2e,7re"** 


= — oe + (—2e, 


4c, sin 27 
6c; sin 2r 
+ 2c, cos 2r + 2; sin 27 
+ 6¢;) cos 2z + 
(—6¢, — 2c,) sin 2z 


(5) Equate the coefficients of equivalent terms, and solve 


— Cc l 
c l 
— 2 + 6c; = 1 
- 0 —- 2c, = 1 
2c, +6, = 1 
- 18, — 6c; = 3 
i 20¢, = 4 
4 
—& = 
, 20 
I 
, 5 
6¢;— 2c l 
9 
_— (- >) 
» 
9 
6¢,+ = I 
» 
3 
6c - 
>» 
l 
Cs 
10 
= 22 ! 9 I 9, 
yr= re = CO8 2r — 
(6) Complete the general solution 
l 
v yot yp= Ae ™*+ Be'* — re =~ COS 2r + io 22 


2. The Method of Variation of Parameters. The par- 
ticular integral may also be obtained by the Method of 
Variation of Parameters, which is a more powerful method 
than the Method of Undetermined Coefficients, because 
it can be used when the function R(x) is not one included 
in Table III. This method, in which integration rather than 
differentiation is applied, may be used to solve all linear, 
differential equations regardless of the form of R(x) in 
the equation 


[DPP+ P(r) D + Or) R(x) 


as long as the complementary function, or the solution to 
the equation 


(DP? + P(r) D + O(7)\ » 0 


can be found. Generally, this method is used to solve 
second-order differential equations, although it may also be 
used to solve higher-order equations. 
Consider the equation 
(e+ Pir) D + O(7)\ v 0 


Instead of finding two independent solutions containing 
arbitrary constants to give 


yy = GYM GYs 


we shall find two functions of x, namely u and v, [u(x) 
and v(x)] of such a nature that 


yrp@= uy; + VY: 
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will be a solution and the particular integral of the non- 
homogeneous equation 


[D§+ P(x) D + A) y = R@) 
By differentiating the equation 
Vp = uyi+ Py 


we obtain 


Dyp = uDy, + y,Du + eDyg+ yrDe 


> 
° 


ondition necessary for using this method is that 


Dyp = u Dy, + v Dy 
and D*yp = u D*y,+ Du Dy, + 0 D®y.4+ Deo Dy 
Substituting yp, Dy», and D*y, into the non-homogeneous 
equation, we obtain 


u D*y,+ Du Dy, + v D*y 
+ Or) ua vi + rye) 


| 

| 

| 

| 

| 

| 

| 

| 

| 

| vy, Du + vel 0 
| 

| 

| 

| 

| 

| 

| 

De Dyo + PCr) \u Dy, + 2 Dy 
| Rr) 

lor, after combining terms as coefficients of the unknown 
functions and their derivatives, 


[D®*vy,+ PCr) Dy, + Or) vy.) u 
Deve + P(x) Dye + Or) ve) t 


Du Dy, + De Dy R(z) 


Since both y, and y, are solutions to the homogeneous 
equation, the expressions within the brackets in the last 


| 
| 
| 
| 
| 
| 
| 
l equation are equal to zero. Hence 
| 
| 
| 
| 
| 
| 
| 


Dua Dy, + Der Dy, Rar) 


This, coupled with the necessary condition 


y, Du veDr 0 


enables us to find the functions u and v by solving the 
j last two equations simultaneously and then performing 
j 2 single integration. 

The simultaneous solution yields 


Du [ vi Dy ve Dy ] H(z) 
and In [ “< * Be | R(x) 


and, since y,, y,, Dy,, and Dy 
can now be performed directly 

The rules for the solution of a non-homogeneous equa- 
tion by the Method of Variation of Parameters are, there- 
fore: 

(1) The complementary function (the same process as 
in the Method of Undetermined Coefficients) is obtained; 
and (2) using the independent solutions of the comple- 
mentary function, the required operations (combinations 
and integrations) are performed to obtain the particular 
integral 


are known, the integration 


© Example 11. Determine the general solution of the dif- 
ferential equation 


Py a 


r 9 ly 12 + ete 
dy ds ; 


(This is a repetition of Example 8.) 


Solution: 


(1) Proceed as shown in Example 8 to obtain the com- 
plementary function 


ye fe“ + Be 
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(2) Perform the operations on the independent solu- 
tions 


v; es Dy,= —6e°% 
y e™ Dy, = 3e~** 


R(z) 12 + 4e"%* 


(3) Combine the independent solutions, their deriva- 
tives, and R(x), and integrate to obtain the unknown 
functions 


y 
D Ris) 
” [ srs: ps, | G 
eu 
[ Jae + 4de**) 
e % ( le **) e”* (—6e *) 
t ’ 
[ . x, | a2 i **) 
te ** +- Ge" 
>) (12 + 40 
% ~ o ‘ ) 
er (l2 + de ) Ww re 
P ‘4 2 I 
i J seed [ids oe —s 


I ‘ 
—@* (12 + 4e°**) be + e 
5 5 
F “4 ‘ ‘ 
' | te lr Ihe" sf ° ,é 
4 : *) 
Li e rf 
3 


(4) Find the particular integral 


ve; uy ’ UVe 
l 
¢ 2" e*) et 4 (* ejye™ 
2 i 4 t 2 
ot 4 e™ ou 
5 3 5 5 


(5) Complete a general solution 


fe * + Bem™4+— 4+ @™ 


3 


(Note that this solution is identical with the solution of 
Example 8.) 


e Example 12. Find the general solution of the differential 
equation 
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nn 


d?y dy 
3 + 2y = 3e°**+ cos 2r 
dy? dr . 


(This is a repetition of Example 10.) 


Solution: 
(1) Proceed as shown in Example 10 to obtain the 
complementary function 
Vv Ae %*#4. Re? 


(2) Perform the operations on the independent solu- 
tions 


y eo Dy -2¢ az 
eo Dy, es 
Ri) 3e°** + cos 27 


(3) Combine the independent solutions, their deriva- 
tives, and R(x), and integrate to obtain the unknown 
functions. 


Du [ et we ] Ris) 


: ; 7 ts » 
E ®(—e*) — o* (—-2 5, | @e cos 22) 


c z 
[ ] e+ cos 22) 
¢ eu 2 z 
e-2 
Po 
e* (Be * cos 27) 3 e"* cos 2r 
u {saz J. * cos 2rdr 
: e* (2 cos 2r + 2 sin 27) 
. a 
8 
D : R(x) 
t J 
v¥; Dye— ve Dy 
e ‘ts 
(3e"** + cos 2) 
e z 
e* (3e°** + cos 2r) se~* e* cos 2r 


- - 


r | le* dr Jet cos 27 


e (cos 2z + 2 sin 27) 


(4) Find the particular integral 


: e™* (2 cos 2x + Zsin 27) : 
3r - a ana 


[ 5 e* (cos 27 + 2 sin =) 
we * ae - cn - g* 


0 


, 2 cosl2r + 2sin 2z 
- 3ze°** se” ** — —i— 


8 
cos 27 + 2 sin 2r 
3e°% nantes —, " 
» 
9 3 
— 3xe"** — 6e°** — — cos 2x — sin 2r 
20 20 


(5) Complete a general solution 


y = yo + yp= Ae™ + Be-*— 3re"** — 6e°** — 
9 


20 cos 2x — = sin 2z 





(Continued from previous page) 
>= (A — 6) e **+ Be-*— 3re 


sin 2r 
20 


9 rs 3 os 
cos ot — ain « 
20 20 


41,c°%*+ Be= 


sre" 


(Note that the constants A, and A are both arbitrary 
and identical.) 


Application 


In the mass-spring-damper system shown in Fig. 1, some 
external alternating force, F sin wf, may be acting on the 
mass. Such a force may be produced by some device push- 
ing and pulling on the weight. The quantity w is the angular 
frequency of the alternating force, i.e., 


where T is the time required for the alternating force to 
make one complete alternation. 

The three forces acting on the weight are the spring 
force, Fs, the damping force, F,, and the applied force, 
F ,. These forces must, according to Newton’s Law, equal 
the product of the mass and the acceleration of the mass, or 


2 W dz dr ; Wo ds 
4 . LF « wl 
Pa g dt a + ¥ sin q dt 


The equation of motion is therefore 


Wee, &.. 


s wl 
q dt di P sin 


which is a non-homogeneous, second-order, linear, differ- 
ential equation with constant coefficients. 

Consider, as an example, a system with a weight, W = 
193.2 lb, C = 5, k = 5 and F = 54.5. The differential 
equation of motion in operator form is 


193.2 — 
(= 1 PP+ 5D 4 5) I 4.5 sin wl 
‘ ) 


The solution is the sum of the complementary function 
and the particular integral. The complementary function is 
the solution of the homogeneous differential equation 


(s IP + 5D 4 >) ri 0 
\2 


whose auxiliary equation is 


m+ 10m + 10 = 0 


The roots of the auxiliary equation are 


—5(386 . 4) 5(386 4) (386.4) 
2(193. 2) 193.2 


2(193 . 2) 


m —1.127 


My —8.873 
The general complementary function is 
to = Ae tt4 Beta 


If the perturbing force makes 1/z alternations per sec- 
ond, the time for each alternation is 7 seconds, and the 
angular frequency will be 


2x 2x * 


~= 2 rad /sex 
T 


The particular integral can be found by the Method of Un- 
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determined Coefficients. Assume that the particular integral 
takes the form 


+ Cp sin wil 


and with 


ry cos 21 sin 2 


Then Dr; 2¢, sin 2! + 2¢, cos 2/ 


and [Prp ke, cos 2 ke, sin 2/ 


Substituting these values into the original equation, one 
obtains: 


ie, cos 2/ ie, sin 21) > (—2e, sin 24 + 2c, cos 21) + 
> (¢; cos 21 + c sim 2/) 


2e, cos 2 2¢- sin 2¢ lie, sin 24 + 10e, cos 21 


4 e =. ¢ 
¢, cos 21 + Se sim 2/ 


24.5 sin 2 
Collecting and equating the terms gives 


(—2¢,+ 10¢ 


(—2¢ l0e 


5¢,) cos 2! 0 


5¢-) sin 21 94.5 sin 2/ 
from which 


iw) Lie 


10¢, + 3e 94.5 


These last equations may be solved simultaneously for c, 
and c, to yield 


ZX 
A 


i 


Fig. 6—Curves representing the displacement of weight re- 
sponding to a sinusoidal force 
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( 


ec) 9 
The complete solution is therefore 


r rot zcp@ Ae iitt4 Betty sin 24 — 5 cos 2 


Now, at time zero, the displacement, x, and the velocity, 
(dx)/(dt), are both zero. These are the boundary conditions 


which lead to the evaluation of the arbitrary constants, A 
and B. First 


0 i+ 5 
and then 


dr 


-_* 0 1.127A 


— 8.873B + 5 


Picard’s 


Frequently, the differential equations arising from phys- 
ical problems do not fall into one of the simple categories 
outlined in this article. For some equations it may not be 
possible to determine solutions in terms of a summation of 
elementary functions (exponentials, sinusoids, polynomials). 
A particular solution, at some definitive value of the inde- 
pendent variable, may be found by numerical evaluation, 
for which Picard's Method is invaluable. 

Consider, for example, a first-order differential equation 


dy 

dz “S@» 
To find the value of the dependent variable, y, when the 
independent variable, x, is equal to a value, a, i.e., x == a, 
means that not the general solution, but the particular solu- 
tion for y, when x == a, is sought. Assume that y equals 
a value, b, ie., y 5, in such a relationship. Thus, 

View b 


Separate the variables and integrate between limits 


dy fir, vy) dr 


. 
("re v)dr 


which yields y-—hb { f(r, vy) ds 
or y b {"r v)dr 
Let y 6 under the integral sign and perform the indi- 


cated integration to obtain a first approximation, y,, 


- 


‘Me b) di 


Replace y by y, in the integrand to obtain the second ap- 
proximation, y,, 


(" f(z, ¥;) dz 


and then continue this process until the m‘" approximation, 
Yn 


| f(x, vq 1) dz 
This method, obviously, yields a sequence of functions of x 
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These, solved simultaneously, yield 


A = 5.340 
B = —0.340 


which gives for the particular solution 


= Sin 2 — 5 cos 2 


~ 


z= 5. 3he tit 0 B4en* ty 
which is plotted in Fig. 6. (Note that the steady-state re- 
sponse is merely a sum of a sinusoidal and a cosinusoidal 
term. This is represented by the particular integral. It is 
due to the forcing function alone. A transient response is 
indicated at the lower time value. It is due to the physical 
characteristics of the system. This transient response is 
indicated by the complementary function and it is com- 
pletely damped out after a finite time interval after the 
initiation of the perturbation.) 


Method 


Vie V2e Van + + + Yun —~ ts Yn 


all of which are approximations to the solution of the 
postulated equation. The sequence of approximations ob- 
viously approaches a limiting value, Y, when the number 
of approximations becomes infinite, i.e., when n = o. 
Hence, we know that: 


lim y, ) 
dy 
=f 
dr @ Y) 
Yisoe™ b 


To integrate the approximations more than just a few 
times may be a tedious operation.* If the value of y is to 
be computed, for example, to two decimal places, integra- 
tion must be continued until an approximation shows no 
change to the third decimal place. An adequate approxima- 
tion to a particular solution may thereby be obtained, even 
for equations that can not otherwise be solved. 


e Example 13. Solve the differential equation 


dy " 
=szy+y 
dr 


where the value of y == 0 when x = 0 


Solution: 
(1) Modify by separation of the variables, and integrate 


dy (xr + ¥)dzr 


[* ay f (ir +y)dzr 
y= F (x + y¥)dz 


(2) First approximation (y, == 0) 


— " (2 + ye) de 


2 2 
r 
f rdr = o 


(3) Second approximation (y, == x?/2) 


Ve f° (z + v2) dr 
Jo 


* A computing machine is eminently suited to perform integrations quickly 
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=f +) a 


(4) Third approximation () 


toa ) @ 
y'' 


2 T 90 7 160 ° 4400 


(5) Assume that only three approximations are re- 
quired (which is true in the region of interest around the 
point y == 0, x= 0). In this case, the solution is 


ino” $400 


Solution of Equations with Variable Coefficients by Power Series* 


In the differential equation 


TV 


" ay 
P(r) = + OCF) \ 
ads 


as 


let each of the variable coefficients, P(x) and Q(x), be ex- 
panded in a power series in x, which will converge for all 
values of x in the interval —R < x < +R. Two linearly 
independent solutions of the differential equation will exist 


Le 
which will converge for all values of x in the interval 


-R<x +-R. If the differential equation is represented 
by 


and 


If f,(x) should vanish for some value of x in the interval! 
within which the solution is desired, the method of assum- 
ing a power series as a solution cannot be applied. If, 
however, f,(x), f,(x), and f,(x) are all polynomials in x 
and if f,(x) + 0, then P(x) and Q(x) can surely be ex- 
panded in a power series convergent in some interval, and 
the solution 


Sar 


may be assumed. 
Consider the first-order differential equation 


1 dy r+! 


vdr 

which can be simplified, by multiplication by y, to yield 
dy 
dz 


dy 
dr 


or 


Assume that y can be represented as a power series 


> é, Z” 


* The importance of this method of solution will be discussed in more detail 
in a forthcoming article on Bessel functions 
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Then 


and 


as a power series may be differentiated term by term within 
its interval of convergence to result in a series that will 
converge to the derivative of the function represented by 
the original series 

The series representations of the assumed solution and 
its derivatives may be substituted into the original equation, 
and the results may be displayed in the following array 


(Cloeflicients 


(Constant 


By hypothesis, 
S" a 


is the solution of this equation. The coefficient of each 
power of x must be equal to zero. Hence, 


a ] i: a l 


a 


Ihe solution, therefore, is 


ats +( 


and, upon collecting terms, 
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If a l A, then 
f a I 
| l , ’ ” “? ’ ’ >? 
[ I x I 
| —l +4 . 
L 1-3 1-3-5 1-3-5---(2n-1) 
ul 
\ { i f gs 
: hy 1-3 ° 1-3-5 1-4-5---(2n — 1) 
(The complete general solution contains one arbitrary 


constant, ) 
Consider the second-order equation 


dy dy (1 =) a 
ds ’ os ” : i ; 


or 


Here the values of the a's, C, and s are to be determined, 


which can be facilitated by stating that 


as 
ay 
da apa 
( l 
d app 
which, upon substitution into the differential equation 
under consideration, yields 
ip p l)z x? + apr’ r+ a(z 2) z 0 
ap(p 1) z* + apz’ ** + az? * 2azr? = 0 
a |p(p 1) 2} 2 a(p +1)z**? 0 
a(p p — 2)z?°+a(p+i1)z?*? =0 
a(p + 1)(p 2) 2? + a(p + 1)z2"* 0 
afi(p) zr afAp) zx 0 
where i(p) (p 1) (p — 2) 
and i(p)= p+ 


Notice that the exponents of x differ by 2, which imme- 
diately indicates that s 2, and the solution may now 


be written 


(or a ar 
dy 

Caer + (C + 2) are t'+ 4) apr’ 
dz (f 2n) ar an 
d*y . . 

(¢ 1) (C aor t+ (C + 1) (C + 2)a,rz' 
dz (C + 3) (C + 4)agr® F274 «++ 4 

(C + 2n 1) (C + 2n)a,zr° **~ 


The series representations of the assumed solution and its 
derivatives are substituted into the original equation, and 
the results are tabulated in the following array: 
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Coeflicients i, 


i 


"0 oo 





r yet? | qe +6 
ly 
ef c-ycakC+) \C+3) kc +5) 
dr (C+2)a| (C+4)a) (C+ 6)a, 
o® Ca | (C+2)a,| (C+ Hay 
dr 7 j 
ry (lg ay; a2 
2y 2a — 2a, 2a, —2a 
: c-) C+D) C+3) IC +5) 
( 2) ae (C+2 (C +4) (C + 6) 
2 la; + 2 ja, + —2]a; + 
(C+ l)ao (C + 3)a, (C + 5)ay 


Setting every coefficient equal to zero yields 


\((C — 1) C — 2) a 0 
(C + 1) (C + 2) —2)a4+(C+Da=0 
(C + 3) (C + 4) —2)a4+ (C+ 3)a, =0 
(C + 5) (C + 6) —2)a+ (C +5) a = 0 


(C + 2n — 1) (C + 2n) —2) a,+ (C + 2n — loa; = 0 


The array is now used to determine the values of C and 
the a's. The sum of each column in the array is the co- 
efficient of one of the terms in the power series. Denote 


(C+ D(C -2) =f 
and 
(C +1) =fAOQ) 


Then the following values will be obtained for the co- 
efficients: 


for x*,n 0 


( 1)¢ 2) a (¢ (—2)a (C + 1) ¢ 2a 
(ja 
for x n l 
(C + 1) ¢C + 2) 2\a (C +)a 


(C* + 3C) a, + (C + 1) a 
(C + 3) Ca, + (C + 1) a 
f,(C + 2) a, + fC) a 


for x°**, n 2 


(C + 3)(C + 4) —2) a. + (C + 3)a 
(C2? + 7C + 10) a: + (C + 3)a 
(C +5) (C + 2)a4+(C + 3)a 
i (C +4a+h(C + 2)a 


for x‘ ,n 3 


(C + 5) (C + 6) —2) a; + (C + 5) a 
(C* + 110 + 28) ag + (C + 5) & 
(C+ 7)(C +4a+(C +5) am 
A(C+6a+fh(C +4) a 


and, in general, for x° +*", the n‘* term 


(C+ 2n 1) (C + 2n) —2) a, + (C + 2n — Ilda 


f,(C + 2nda, + f2(C + 2n 2)a 


and for x° + 2"*2, the (n-+ 1) term 


(C + 2n +2 — 1)(C + 2n + 2) —2J any + (CO + 2n +2 —2)a 
fi (C + 2n + 2) angi + f2(C + 2n) a, 


All coefficients just determined must vanish for every value 
of x within the interval of convergence. Since a, ~ 0, the 
coefficient of the n = 0 term must yield 


f,(C) =0 


which is called the indicial equation, and which determines 


105 





the value of C. The (n 1) coefficient is used to deter- 
mine the relationship between consecutive a’s, which is 
called the recurrence relationship, and may be solved for 
ad,,, in terms of a,. Hence, 


2n + 2) an 41 + fe CC 2n)a, = 0 


f.(C + 2n) 


: ti 
f,(C + 2n + 2) 


Qn + 1 


but f.(C + 2n) 


and f,(C + 2n + 2) 


G4 
so that Gn +1 * (C+ 2n4 
Return to the indicial equation 

f(c) =0 
(C+ 1)(C — 2) =0 


For the value of ¢ . the recurrence 
becomes 


relationship 


— (2n + 3) e 
(2n + 5) (2n + 2) * 


can then be determined 


nf 
$@) “ 


—5 35) 
dl aay 
7(4) (2-4) (5 i) 

7 ice — 3657) | 
9(6) (2-4-6) (5-7-9) 


ade 


—> 3579) 


a= == 1 
11(8) (2:4-6-8)G-7-9-1l) " 


One solution of the given equation is, therefore, 


[ 3 E 365) 
= a un ame Gad x 
5(2) (2-4)(5-7) 


367) sw, 
(2-4-6-8)G-7-9-11) 


357) 
(2-4-6V5 


For the value ¢ 


becomes 


recurrence relationship 


(2n + 2) @n — 1) 


and a new set of coefficients can be determined 


1=0 1 =O 


> 


— 


= +1 


0 


and all coefficients, other than a,, are zero. The other 
solution of the differential equation is, therefore, 


The complete general solution to the postulated differential 
equation is now determined 


y = 
3 (5) 305 )7) B 
Al. ‘ 4 
E (5) 7 + @-4\G-7) (2-4-6) -7-9) | 


The two parts of the solution are linearly independent 
since they are not proportional. The other requirement, 
that of convergence for every value of x, can easily be 
proved. Thus, a powerful technique for the solution of 
differential equations with variable coefficients has been 
demonstrated 
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THE PROBLEM OF ACHIEVING reliability can be approached 
from a number of different aspects. Apart from con- 
siderations of the basic theory of reliability, it is most 
common to base the approach to system reliability on 
the effect that is played by the reliability of the com- 
ponent parts and the tooling involved in manufacture. 
The reliability of a “simple” system should also be con- 
sidered, however, in the basic design of the system itself. 
As an example of a simple system, we will consider 
a six-tube electronic circuit to illustrate the step-by- 
step procedure of reliability in design. A similar pro- 
cedure would be applicable to any simple system which 
is made up of partially repetitive (homogeneous) parts 
and partially different (heterogeneous) parts (such as 
an electric motor or a relay panel). The process is also 
applicable to larger systems in which each chassis or 
major sub-assembly is first treated as a part and later 
as a small system. 

Several basic concepts are important. The first is a 
knowledge of the difference in shape between an exponen- 
tial-life curve and a wearout-life curve. Both are shown 


Reliability in Systems Design 


There are many possible approaches to designing for reliability. 
. Many are strictly theoretical and are inclined to leave the de- 
signer somewhat at a loss to know exactly how to proceed: Here 
is @ step-by-step procedure, applied to an example, which pro- . 
vides a working, practical application of the theory of reliability. 


in Fig. 1. The exponential-life curve is generally con- 
sidered to be the most universal shape. It can result from 
random failures caused by the accumulation of a large 
number of incidental causes. It is generally believed 
that most high-reliability devices show such a failure 
pattern and that it can be controlled to provide a very 
small but continuous failure rate. 

The wearout-life curve results from some built-in 
exhaustion characteristic such as metal fatigue, bearing 
wear, insulation degradation, etc. If there are no known 
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Fig. 1 — Curves illustrating difference in shapes of exponential- 
life curve and wearout-life curve. 
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wearout phenomena present, it can generally be as- 
sumed that an exponential failure will result. This 
assumption will frequently suffice for preliminary de- 
sign work, but it should be justified by actual measure 
ments as soon as practicable in the design procedure. 

The designer should also be familiar with the relation- 
ship between parts and system reliability for series and 
parallel parts. The effect of series parts on system re- 
liability, where all parts have identical reliability, is 
illustrated in Fig. 2. The same thing is illustrated for 
parallel parts in Fig. 3. 

There are seven basic steps in the process of reliability 
design of a system. They are given in Table I and dis- 
cussed in the following paragraphs. 

1. Determine Desired System Reliability. Some 
goal must be established to be used as the basis for the 
whole reliability design. The goal can occasionally be 
obtained from a specification, but more often it must 
be determined on the basis of some overall average life 
or average period between maintenance shut-downs. 

For our example, let us assume that we desire each 
finished product to provide 1000 hr of operation with 
only two failures. Thus, we require an average opera 
tion of 500 hr between failures. This is the design goal 
During the design procedure, we will know little of the 
probable shape of the life curve to be expected. We 


Table |—Steps in Reliability Design 
1 


- Determine desired system reliability 
Divide system into major reliability sections 
Estimate preliminary system reliability 
Estimate preliminary parts reliability 
Establish reliability goals 
Design critical areas for maximum reliability 
Measure system reliability 
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Fig. 2— Effect of series parts on system reliability. 


therefore assume a random failure pattern for the 
initial estimated-life curve, which will suffice until such 
time as we learn otherwise. This is equivalent to assum 
ing that we have no wearout phenomena in the first 
1000 hr of the life process. It also tacitly assumes that 
all “wearout” parts will be replaced by periodic main 
tenance before they fail, unless we devote a portion of 
our two failures per 1000 hr to such wearout 

2. Divide System into Major Reliability Sections. 
Having established a goal, the next step is to divide 
the system into major reliability “sections”. The sections 
can correspond to physical assemblies or to groupings 
of parts or sub-assemblies having similar life character- 
istics. If the system is to be constructed largely of pre- 
designed assemblies of known reliability, sections made 
up of physical assemblies can most easily be evaluated 
and used. Otherwise, a grouping of similar parts is 
probably preferable. For our example, we will use the 
latter. 

We will assume that our device consists of 6 electron 
tubes, one relay, 24 resistors, & capacitors, one plug, 
and certain miscellaneous hardware, wiring, solder joints, 
chassis, terminal boards, ete. For a preliminary _reli- 
ability estimate, we list the following sections: 


(a) six miniature tubes 

(b) six sockets and one plug 

(c) one relay 

(d) sixteen carbon resistors 

(e) four wire-wound resistors 

(f) four variable resistors 

(g) eight capacitors 

(h) miscellaneous parts of assumed complexity typical 
of a 6-tube circuit. 


3. Estimate Preliminary System Reliability. It 
is now necessary to prepare a preliminary reliability 
estimate for each of the 8 sections. To do this, the ar- 
rangement of the parts into series and parallel combi- 
nations must be made. When parts are in series, a failure 
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of any one part will result in system failure. When parts 
ure in parallel, the failure of one part results in the 
absorpt.on of some overload by the remaining parts, 
which will continue to function without serious system 
degradation. 

For example, assume that the system has been evalu- 
ated and it is found that, at one point, two sections of 
a double triode tube are in parallel and that, without 
undue difficulty, the circuit can be arranged so that it 
will operate reasonably well with only one active tube 
section should one section fail. The probability of com- 
plete loss of this function is thus reduced to the proba- 
bilities of envelope or filament failure. (There have been 
numerous discussions on the subject of series and parallel 
circuits and their effect on system reliability.* ) Similarly, 
our design can contain parallel relay contacts to im- 
prove the reliability of the relay. Further study may 
show that system failure does not result from typical 
failures of either one of two capacitors. From these 
changes and conclusions, the sections may be rewritten 
as follows: 


(a) five and one-half miniature tubes (assume approxi- 
mately half of the tube failures are caused by en- 
velope and filament failures) 

(b) six sockets and one plug 

(c) eight-tenths of one relay 

(d) sixteen carbon resistors 

(ce) four wire-wound resistors 

(f{) four variable resistors 

(g) seven capacitors 

(h) miscellaneous parts equivalent to a 6-tube assembly. 


The result is a total of 44.3 series parts plus miscellaneous 
parts. We must now allocate the two failures per 1000 hr 
among these approximately 50 parts. To do this requires 
a good working background of experience and some 
accumulation of statistical data on similar systems. For 
purposes of illustration, purely arbitrary numbers will 
be vse’. If all 50 parts were equally reliable, we could 
a statistician to evaluate the required parts re- 
liability. To achieve 50 per cent reliability at 500 hr 
for 50 equally reliable parts would require about 98.5 
per cent reliability for each part for 500 hr. Unfortu- 
nately, our parts are not of equal reliability and we must 
use more complex methods of evaluation. We will as- 
sume that our experience shows that 75 per cent of the 
failures are caused by tubes. Therefore, section (a) will 
be allocated 1.5 failures per 1000 hr, and half a failure 
will remain for the other seven sections. 

4. Estimate Preliminary Parts Reliability. The 
required tube reliability can now be determined. A 
failure rate of 1.5 per 1000 hr for 5.5 tubes is 27.2 per 
cent failure, or 72.8 per cent tube reliability for 1000 
hr. By assuming an exponential failure rate, we find that 
this corresponds to an average tube life of 2100 hr. 
It is evident that tubes with ordinary life expectancy 
(normally 500 to 1000 hr) cannot be used. However. 
premium quality tubes can be used to achieve the desired 
design since they have an average life of over 5000 hr 
when used in reasonably conservative designs. 

The remaining 44.8 parts have been assigned a failure 
rate of 0.5 failure per 1000 hr, or about 1.1 per cent 
failures per 100 hr. This is essentially 99 per cent re- 
liability at 1000 hr, which becomes the equivalent of 


consu'. 


* See, for instance, “The Philosophy of Engineering Reliability,"" M. I Miller, 
Electrical Enginecring, July and August 1958 
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69,000 hr (about 7.9 years) average life. (The value 
of average life is determined by calculations using an 
exponential-life curve.) 

The average-life figure indicates the need for con- 
servative design, but it is not beyond the hope of 
achievement. The process used to evaluate the reliability 
of the tubes should be repeated on most of the other 
seven reliability sections to establish preliminary reli- 
ability goals, but this will not be illustrated. 

At this point it becomes clear that our design should 
use premium quality tubes to reduce the need for ex- 
ceptional parts reliability elsewhere. It is quite evident 
that, by increasing the reliability of the tubes by only 
14 (so that failures occur only once per 1000 hr), the 
failure rate of the other parts can be doubled, permitting 
as much as | failure per 1000 hr among these parts. It is 
always true that a system containing weak parts can be 
improved most readily by improving the weak parts 
rather than concentrating on the more reliable parts. 
In any case, we should consider derating all parts when- 
ever it is known that such derating will lengthen the life 
of the part. This will improve any marginal reliability 
design. 

5. Establish Reliability Goals. The next step in 
the design consists of selecting the critical areas which 
will require special evaluation and design work and 
concentrating major effort on them. Each area should 
be assigned a certain fraction of reliability. Those sec- 
tions having the least reliability should be considered 
critical areas and should have new goals assigned. 

In our example, we might consider the following 
critical areas: 


(a) Make certain that all resistors are derated in 
wattage dissipation. Actually measure the voltage 
across all resistors under conditions which would 
result if the associated tube were out of its socket 
or if its parameters were out of tolerances, as in 
a failure. 

(b) Make certain that all capacitors are derated in 
applied voltage and measure capacitor voltages 
under unusual conditions. 

(c) Have the quality-control group evaluate the re- 
liability of the wire-wound resistors. 

(d) Have the production and quality contrel functions 
tighten the inspection of the miscellaneous parts 
(especially the soldering operation) to insure better- 
than-average quality. 

(e) Carefully re-evaluate the design of two of the more 
critical stages to provide maximum reliability. 


6. Design Critical Areas for Maximum Reli- 
ability. A great deal has been written about how 
critical areas should be designed and how each part and 
subassembly should be critically evaluated for best re- 
sults. A 10-step reminder list is given in Table II. This 
list is intended to supplement, not replace, the normal 
design procedures and reliability check lists that are 
commonly used. The order of the items on this list is 
neither the chronological order in which they are to 
be used, nor the order of importance, because both of 
these ‘depend upon what is being designed and what the 
background information is. 


(a) Consider predictability. No device can be considered 
reliable unless its overall and detailed behavior pattern can 
be accurately predicted—not only by the designer, but by 
the user and the maintenance man. Part of the design calls 
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for education of the user, if necessary, and a search for a 
simple, predictable solution. 

If it is difficult to explain the behavior of a device in 
the instruction book, it will be subjectively unreliable. 
When a choice between a “trick circuit” and a more 
mundane textbook device must be made, the problem (and 
cost) of explaining the trick circuit must weigh against 
it. The designer must learn the most probable applications 
of his device and visualize the uses and field maintenance 
facilities before deciding about predictability. 

(b) Consider assessability. No device can be considered 
reliable unless its behavior pattern can be readily ascer- 
tained and measured. This is assessability. Not only must 
the designer and the manufacturer be able to assess the 
detailed action of the device readily, but the user and 
maintenance personnel must be informed, assisted, and 
equipped to assess the proper operation during field use. 
Test points, test meters, schematics with operating condi- 
tions, etc., are part of the assessability design. 

Test procedures and specifications with tolerances must 
be supplied to the user, the quality control group, and the 
manufacturing group. If good reliability is to be achieved 
and maintained, the designer may have to give some con- 
sideration to the life testing of his design. All of these 
things become a necessary part of the design. They are 
part of assessability. 

(c) Consider probability. During the detailed design, 
the various parts must be allocated applicable portions of 
the unreliability. This allocation can be carried out as a 
problem in probability. The principles to be used are the 
same as those in paragraphs 2 and 3 above. The exact 
procedure depends greatly upon the details of the design 
and upon the available knowledge of the reliability of the 
various parts. On occasion, statistically designed experi- 
ments may be employed to assist in this work. 

(d) Know quality of parts. The designer must always 
work in an area in which he is familiar with and confident 
of the quality of a vast majority of the parts he uses. A 
design in‘which all of the parts are of marginal or unknown 
quality is doomed to failure because of the tremendous 
effort required and the near certainty that something will 
be overlooked. Good designs are the product of a slow 
accumulation of knowledge and confidence covering most 
of the parts and most of the design. This allows the de- 
signer freedom to concentrate on the few troublesome neu 
aspects of the design. The designer should always list these 
marginal and new areas and then be able to convince him- 
self that he knows how to overcome the difficulties and assess 
the reliability of these areas. 


(e) Homogeneous design. The advantage of as nearly 
a homogeneous design as possible leads to good reliability 
not only because it allows concentration on a few sub- 
assemblies whose characteristics can be exploited but also 
because the user can quickly learn to understand, to pre- 
dict, and to assess the quality and behavior of these few 
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parts (or subassemblies). Furthermore, quality can be most 
easily insured during manufacture and test only when a 
limited number of similar or identical parts or subassemblies 
is required. The burden of quality control and incoming 
inspection is reduced by using similar or identical parts. 
Thus, again, a homogeneous design helps to provide in- 
creased reliability. 

(f) Parallel parts. A skillful blending of parallel parts 
interposed at the weak points in a system of series parts 
must be made. These “parallel parts” can be achieved 
in several ways which are not at first apparent. 

Increasing the overload capacity of a part is the equiva 
lent of parallel operation. A feedback system capable of 
automatically redistributing a portion of the burden of 
partial failure is sometimes equivalent to parallel operation. 

The application of the small-difference theorem to the 
system design results in improved system reliability in a 
manner analogous to parallel operation. Null balance sys- 
tems, servo systems, etc., apply this technique to achieve 
an added measure of accuracy per unit reliability. The 
deliberate shifting of the major responsibility for system 
stability, or reliability, to a component of known quality 
while enclosing the less known or less reliable parts in a 
feedback loop or in some noncritical part of the system 
has the same effect as reducing the number of series parts 

Careful examination of the system to determine which 
parts are in parallel and which are in series must be made 
More complex systems make visualization of parallelism 
more difficult. For example, the 8 cylinders of an automobile 
engine can be considered to be either in parallel or in 
series, depending on the nature of the failure. If one spark 
plug fails, the other 7 cylinders will carry some overload 
and continue functioning. Thus, the action is similar to 
parallel operation. If one of the connecting rods fails or 
a piston sticks, all 8 cylinders fail, which is similar to 
series operation. One of the major inventions of electronic 
systems was the process of negative feedback by which 
partial failure of one or more series parts in a system 
can be passed on to the other portions of the system in such 
a manner that the results obtained in many aspects re- 
semble parallel operation. It should be noted that this is 
only achievable by having a reasonably 
capacity in at least most of the portions of the system and 
preferably in all. 


large overload 


(g) Design for manufacture. The designer must retain 
a mental picture of the manufacturing processes to be used. 
He also must use his experience in recalling specific pro- 
cesses of manufacture used with designs in the past. 
These cannot be altered in any important way without caus- 
ing a change in the design of the product. The designer 
should through manufacture to be 
certain that his mental picture is up to date. He should 


follow his product 


always be alert to the introduction of new methods and 
should ask the manufacturing personnel to explain in de- 
tail all new methods. When the designer of the product 
is only remotely associated with the manufacturer, the 
problem becomes one of writing and exchanging specifica- 
tions and test procedures without misunderstanding. Fre- 
quently, a product is designed in a laboratory or an en- 
gineering office thousands of miles from the place where 
it is to be fabricated or erected. Here the need for liaison 
and exchange of specifications becomes of paramount im- 
portance. 


(h) Design for quality control. In the same manner 
that the designer must know the methods of manufacture 
that will be used on his product, he must know the methods 
of testing and quality control that are to be used. He must 
continuously be alert to new methods of test. In fact, this 
information becomes a part of the design which can either 
add to or subtract from the ultimate reliability of the 
finished product. For example, if the designer assumes that 
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a certain part will be given 100 per cent inspection, this 


must in fact occur, or the product is not the one designed . 


even though it is in all appearances identical. The designer 
must assume the responsibility of assisting the quality- 
control function in selecting the proper amount and proper 
conditions of test. He should provide them with at least 
an estimate of the tolerances to be expected at the various 
test points to insure a good design. He must also work 
with them to provide a realistic life and reliability test 
program. 

In all cases, the tolerances and specifications, the type 
of test equipment to be used, and its tolerances must be 
carefully factored into the process of manufacturing and 
quality control. The design laboratory may use test facilities 
that are too expensive or time consuming to be useful for 
production or field use. Manufacturing and quality-control 
functions must then substitute new test equipment ard 
obtain (generally from the designer) new predictions of 
behavior to provide assessability of the product. 

(i) Design for use and maintenance. It seems almost un 
necessary to suggest that the designer must thoroughly 
understand all conditions of use and environment to which 
his product is to be subjected. A reliable design must be 
one that can be easily maintained. There is frequently a 
conflict between the demands for compactness or appearance 
and the demands for easy maintenance. If maintenance is 
required to aasure reliability, no undue compromise of 
maintenance can be tolerated in a reliable design. 

(j) Subjective reliability. Subjective reliability is that 
part of reliability formed in the minds of the interested 
persons (manufacturer, tester, user, and maintainer) which 
is not subject to measurement. It is a kind of personal 
reliability. For a single device, it can be quite different 
for different persons, but it must not be passed off as 
prejudice because it can greatly influence the acceptance 
and sales appeal of a product. In general, any really re- 
liable product that is not misapplied will be considered 
as subjectively reliable. Good subjective reliability centers 
around insuring that the product has good predictability 
and good assessability. If the designer then also takes 
reasonable precautions to prevent misapplication, he can 
expect good subjective reliability. In general, he should 
attempt to assist the user by supplying a good instruction 
book and a properly labeled product. The name tag should 
frequently contain as much application data as space per- 
mits and should reference the instruction book or application 
notes to be used with the device in hand. The designer 
should not overlook the opportunity to increase the re- 
liability of his product by clearly marking his product 
with test points, input and output data, etc. 

7. Measure System Reliability. Having completed 
the system design, we must ascertain whether we have 
succeeded in meeting our initial reliability requirement 
with a reasonable safety margin. We are required to 
have an average life of 1000 hr with only two failures, 
or an initial failure rate less than one failure per 500 
hr of operation. By the time we have completed the 
design and one or two working models of the equipment 
we will have accumulated a feeling about the reliability. 
This will only be a subjective evaluation, but it is based 
upon a great amount of experience and testing of the 
critical portions. Before we can venture much further 
with the design we must make some kind of an overall 
system life test. 

Before we undertake life testing, we must provide 
ourselves with a considerable number of definitions. We 
must define proper operation. We must define failure. 
We must define and specify the conditions of life test- 
ing, and we must define and specify the proper input 
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and output conditions and the test equipment required 
to provide the ambient conditions and to insure input 
and output measurements of the required accuracy. 
Furthermore, unless we have the patience of a Job and 
the wealth of a Midas we may find it necessary to ado 
some kind of an accelerated life test using a minimum 
number of test samples. 

All of this work requires not only good engineering, 
but also the talents of specification writers and experi- 
enced reliability assurance engineers. The final assurance 
of the reliability depends upon the results of a life test 
performed upon a number of samples. The designer must 
assist with this work not only to prove the reliability of 
the design but also to obtain experience and bases for 
new designs. 

Application of Check List. To return to our ex- 
ample, we will briefly review some of the probable re- 
sults of the consideration of our check list. We may 
find it desirable to select a rather simple circuit so that 
the maintenance man can best predict the behavior 
pattern. We may find it advisable to place one or more 
test points (properly labeled) on the rear of the chassis 
and then mark the schematic diagram with the voltage 
waveforms expected at these points to enhance predict- 
ability and assessability. 

We may wish to ask the quality control section to 
devise a special test to help isolate the heavily stressed 
points in our design during partial failure so that they 
can be overrated. We may decide to use two resistors 
in series or settle for something slightly less than peak 
performance in some part of the circuit to permit us to 
use all standard parts of proven quality. We may decide 
to use a few common (extra) parts to make the third 
and fourth stages of our device identical to the first 
and second stages so that they can be interchangeable 
plug-in units (homogeneous design). 

We probably will find it desirable to use inverse feed- 
back to distribute stresses among fewer critical elements. 
This tends to reduce the effective number of parts in 
series. We may wish to review the design with the 
manufacturing section so that we will better understand 
just how they intend to manufacture the critical assem- 
blies. By this means we may be able to obtain their 
assistance in selecting tolerances that will be easily held 
during production. We may wish to discuss the pro- 
posed design and test procedure with the quality control 
section to make sure that their testing does not overstress 
or overburden some critical part. We may also wish for 
them to suggest parts or subassemblies that should be 
given 100 per cent inspection before final assembly and 
test. 

We most certainly will wish to review the whole basic 
design with the marketing function to anticipate the 
unusual environmental conditions that may be en- 
countered. We will also review the finished design in 
view of easy maintenance and will assist in writing an 
instruction book that will be attractive and understand- 
able to the average maintenance man. 

Finally, we will attempt to look at the finished design 
through the eyes of the user to see whether it “looks 
like something that will hold together and not get out 
of adjustment from severe usage.” We will also review 
the labeling of the device to make sure that the user can 
easily understand how it is to be mounted, applied, and 
connected to other devices. O00 
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A description of methods (based on film- 
wiper combinations) used at Battelle for 
the determination of such properties as 
potentiometer linearity, resolution, noise. 
wiper shorting, wear characteristics, and 
metal-transfer phenomena. Several classes 
of metal and metal-like film materials 
were studied. The methods described are 
said to provide design information other- 
wise difficult to deduce from materials 
properties data available from the litera- 


ture. Experimental test data are given. 


E. H. LAYER 
Batrette Memoria Institute 
Columbus, Ohio 


SOME FIVE CLASSES of conductive solid films provide 
the resistive element for fixed resistors. The materials 
include: transition metal alloys, precious- or noble-metal 
alloys, carbon and borocarbon, two oxides, a nitride, 
and at least one cermet. Several of these have already 
been applied in variable resistors. 

Advantages exhibited by solid films over bulk ma- 
terials can include higher resolution, higher resistance 
per unit volume, superior performance at high frequency, 
improved precision, and lower cost. Further, they may 
be made into nonlinear elements more simply than bulk 
materials, and films can allow fabrication of materials 
which cannot be formed into wire because of their lack 
of ductility. 

The following overall properties must be considered 
in the evaluation of a new potentiometer: 
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Potentiometer Thin Films 


a. predictable value of resistance or voltage ratio for a 
given shaft displacement 

b. constancy of resistance or voltage ratio 

c. physical size in the range of values available without 
redesign of equipment 

d. ruggedness 

e. ease of installation 

f. cost. 


The features of film and wiper combinations which 
primarily determine the ability of various film materials 
to give satisfactory overall properties are (a) film ma- 
terial. (b) method of electroding to the film, (c) base 
upon which the film is supported, and (d) wiper. To 
evaluate this suitability at Battelle, the following measure- 
ments and/or observations are generally made: (1) 
linearity, (2) resolution, (3) contact and noise resistance, 
(4) effect of wiper shorting, (5) film resistance, tem- 
perature coefficient of resistance and voltage coefficient 
of resistance, (6) effect of wear, (7) effect of various 
environmental conditions, and (8) exam‘nation of sur- 
faces using light and electron miscroscopy. This article 
describes various methods for the determination of 
these characteristics. 


The Wear Tester 


It is extremely important in potentiometer evaluation 
measurements that wiper action be known and repro 
ducible. The wear tester (a special apparatus used in 
these measurements) is a translatory motion machine 
with 10 test stations, each of which can accommodate 
one film-wiper combination. Each film element is clamped 
to a supporting frame, and the sliding contact, or wiper, 
is attached to a reciprocating slide. This slide is cam- 
driven at constant velocity between Oil te bearing sur- 
faces to assure perfect tracking of the wipers. Both the 
length and velocity of stroke can be selected within 
reasonable limits. 

A close-up of a single test station of the wear tester 
is shown in Fig. 1. A film on supporting substrate can 
be seen clamped to the frame of the wear tester. The 
wiper is attached to an arm, which is in turn attached 
to the reciprocating slide. The screw adjustments on the 
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arm give a fine control of the vertical position of the 
wiper and, thereby, control the wiper force. The wiper 
force is measured with a spring balance and ohmeter 
and is defined as that force necessary to raise the wiper 
arm and break the electrical contact between it and the 
film. To complete the facilities of each test station, elec- 
trical contact to the two ends of each element and to 
the sliding contact are brought out to a 3-prong plug 
on an external support. 

It is essential to the evaluation that the relative posi- 
tion of the wiper along the test film be known. This 
position is obtained through a simple electromechanical 
arrangement. The translatory motion of the wiper is 
converted to rotary motion by a rack and pinion; this 
rotary motion drives the wiper of a stationary pre- 
cision potentiometer. The result is therefore an electrical 
voltage or resistance signal, either of which is propor- 
tional to the relative position of the test wiper along 
the test film. 

The sliding contact or wiper is, of course, an integral 
and important part of any potentiometer. Through ex- 


perience, the w_per material and wiper force have been 





found to be two important factors affecting the per- 
formance of different film materials. To evaluate per- 
formance, commercial or experimental wipers are either 
purchased or fabricated. As previously stated, the force 
on each wiper is controlled by adjusting its vertical 
elevation and is measured with a spring balance and 
ohmeter. Where special objectives require it, measure- 
ments are made of wiper hardness, precise chemical 
composition, stiffness, or frictional properties. 

For an evaluation measurement, the film to be tested 
is mounted on the wear tester, the wiper mounted and 
adjusted for orientation and force, the necessary initial 
characteristics measured, and the wear and pertinent 
environmental testing begun. The characteristics of in- 
terest are measured at periodic intervals. During this 
testing, the samples are protected from dust and spurious 
atmospheric changes by an acrylic plastic cover. 


Linearity and Resolution 


The linearity and resolution of the test element are 
calculated from a graphical representation of resistance 
of the film as a function of wiper displacement. This 
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Fig. 1—Single test station of a 10-station wear tester used to evaluate potentiometer wiper action, Film material is shown clamped 


to the frame. Test method is explained in the text. 
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Wiper travel, arbitrary units 





Resistance, orbitrory units 


Fig. 3 — Resolution trace of a potentiometer film element com- 
pared to that of a wirewound element. 


Fig. 2—X-Y recording showing resistance vs displacement 
for a film element on a ceramic base. This plot is umed.to cal- 
culate the linearity or conformity of the element. 
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representation is obtained directly from a conventional 
X-Y recorder. One voltage to the recorder is proportional 
to the d'splacement of the wiper along the film element. 
The second voltage input is that which appears between 
the wiper and one end of the test element wh le a constant 
current flows through the entire test element. 

The linearity (or conformity in the case of a non- 
linear element) is determined from a comparison of 
the element resistance curve and the prescribed resistance 
curve. The value is calculated in conventional manner 
from the long-period deviation between these two curves. 
As an example, consider Fig. 2, which shows a resistance 
vs displacement plot for a film element on a ceramic 
base. The total resistance of this particular element was 
about 10,000 ohms, with a total wiper travel of about 
\% in. The long straight lines at each end correspond to 
wiper travel over low-resistance end electrodes. The 
linearity of this particular element is about 1 per cent. 

An example of the resolution of a film potentiometer 
track is shown in Fig. 3, compared to that for a wire- 
wound element, both to the same scale. The resolution 
of the wirewound element has the expected step func- 
tion and a resolution of about 0.03 per cent. It is appar- 
ent that the film trace shows two shape characteristics. 
One is a large-scale deviation and the second a very fine 
grass-like structure. The large-scale deviations were at- 
tributed to the surface roughness of the ceramic used 
for the substrate in this particular case. The fine struc- 
ture is thought to represent the true resolution of this 
film element. Assuming that the large-scale deviation 
could be removed by using a smoother substrate, it is 
apparent that the resolution of the film element could 
be made much better than for the wirewound element. 


Residual Noise 


The basic apparatus used to study residual noise effects 
is the wear tester (as previously described), a conven- 
tional constant-current source, and a recording volt- 
meter with linear sweep, calibrated a-c and d-c inputs, 
and fast response. The requirement of a recording volt- 
meter .is fulfilled with a precision oscilloscope and 
camera attachment. 
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The vertical input of the oscilloscope is connected to 
read the signal between the wiper and one end of the 
resistance track. If no external current is caused to flow 
in the sample, and the wiper is caused to traverse the 
element, the voltage read by the oscilloscope will be 
proportional to the contact emf between the film and 
wiper, provided the other emf’s in the circuit are kept 
negligibly small. Changes in this contact emf are called 
“active noise.” In the practical cases studied so far, 
these active noises have been very small, compared to 
those of the passive type. 

Passive noise arises from the variation in contact re- 
sistance between wiper and film. Its magnitude is meas- 
ured by the oscilloscope when the portion of the resist- 
ance film between the wiper and the end of the film 
opposite to that connected to the oscilloscope is energized 
with a constant d-c current. To measure the passive noise 
at each point along the element, the horizontal axis of 
the oscilloscope is calibrated in terms of wiper displace- 
ment. This is done by adjusting the linear sweep to trace 
the screen in the time it takes the wiper to make one com- 
plete cycle of the film element. The vertical axis which 
measures a voltage proportional to contact resistance is 
calibrated in terms of ohms of resistance with an ex- 
ternal standard. The oscilloscope screen, therefore, con- 
tains a complete record of contact resistance as a func- 
tion of displacement along the film element. When the 
oscilloscope is on d-c input, the vertical axis represents 
total contact resistance; for a-c input, the vertical axis 
represents change in contact resistance or noise resist- 
ance. A permanent camera record is made of these data. 

Figure 4 shows an example of a noise-resistance photo- 
graph taken with the oscilloscope on d-c input. The 
vertical scale is 50 ohms per division, and zero contact 
resistance is along the center abscissa line. The pattern 
on the left is essentially an initial measurement, while 
the one on the right represents measurement after 50,000 
cycles of wear. Within each pattern, one half is the wiper 
travel in one direction and the other half is the trace 
in the reverse direction. 


The general pattern consists of a fairly constant mini- 
mum contact resistance and a number of contact resist- 
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ance spikes or noise resistance. For the sample shown, 
the minimum contact resistance was about 25 ohms, while 
the noise values ranged up to 75 ohms for the element 
at 0 cycles. After 50,000 cycles of wear, the minimum 
contact resistance decreased to a negligible value, while 
the maximum noise resistance remained about the same. 
However, the general background noise became lower, 
with only a few of the noise peaks remaining. 

A comparison of the two halves of each pattern shows 
a mirror-type similarity. Since these represent travel 
in the forward and reverse directions on the film, this 
indicates that the contacting is reproducible and that 
there is accurate tracking of the wiper over the film 
element. 


Effect of Wiper Shorting 


Wiper shorting is another property of importance to 
potentiometer applications. This property represents a 
decrease in total resistance of the element because of 
the shorting action of the low-resistance wiper. For ex- 
ample, in a wirewound resistor, the total resistance de- 
creases as the wiper shorts across two or more turns 
of wire. A similar shorting-out effect may take place 
in a film element by the simultaneous contacting of 
two or more low-resistance contact points on the film. 

To measure the effect of wiper shorting, the voltage 
drop across the total film element is measured with an X-Y 
recorder during constant current flows and wiper traversal 
from one end to the other of the element. When cali- 
brated, the resulting graph presented total film resistance 
as a function of position of the wiper along the film 
element track. 

An example of such a plot is shown in Fig. 5. For 
the case of Element “A”, the total resistance is 7500 
ohms; and as a result of the wiper shorting out between 
numerous points of contact, the resistance is decreased 
by as much as 75 ohms, which is about a 1 per cent 
change. For the case of Element “B”, the total resistance 





Fig. 4— Comparison of noise pattern for elements operated 
with Graphalloy 411 contacts before and after 50,000 cycles of 


wear. 





is again 7500 ohms, but the change in total resistance 
is much smaller. 

In each graph, data are shown from two traverses, 
one when the wiper is going from left to right and second 
from right to left. Again, the similarity in shape indicates 
reproducible contacting and accurate wiper tracking. 


Other Electrical Measurements 


A number of other electrical measurements are made 
as they may be required. For example, there may be a 
loss of resistance tolerance resulting from a transfer of 
metal from the wiper to the film. The extent to which 
this transfer influences resistance tolerance is determined 
by an accurate measurement of the total resistance of 
the element as a function of time on wear test. Sim.larly, 
electrical properties, such as temperature coefficient of 
resistance, film resistance, and voltage coefficient of re- 
sistance, are measured with conventional methods, and 
changes in them determined as a function of wear or 
environmental conditions. 


Microscopic Examination 


The preceding discussions have dealt with measure- 
ments of film characteristics and behavior of an elec- 
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trical nature. A great deal can also be learned with 
light and electron microscopy techniques. Features of 
the contour of the surface, the geometry of the actual 
wiper track, and the amount and type of metal trans- 
ferred during sliding contact can be deduced from light 
and electron micrographs of the film surface. For ex- 
ample, Fig. 6 shows a portion of a resstance track after 
several hundred thousand cycles of wear. Before the 
photograph was taken, the entire film element was 
swabbed and rinsed with solvent to remove the loose 
debris accrued from the wear test. The dark background 
in the figure is that of the film material, while the light 
shades result from the metal which has been transferred 
during the wear process. As can be deduced from the 
streaking, the wiper travel has been horizontal. The left 
part of the photograph shows an undisturbed part of 
the track, while the right part was soaked in a chemical 
capable of dissolving the wiper material. 

The unetched region of the track reveals, first, the 
existence of a number of highly reflecting metallized 
points against a general background of transferred metal. 
The results of the etch treatment show that part of the 
general background of the transferred material was easily 
removed, but that a number of superimposed highly 
polished point= were present to which metal has become 
firmly attached. 

Electron microscope examination showed that the 
film surface consists of a number of relatively large 
sharp projections, which had a numerical density ap- 
proximately the same as the heavily metall zed points 
shown in the photomicrographs. In still another experi- 
ment, it was found that the metallized points had much 
lower contact resistance than that of the smeared wiper 
material. From these results, it was deduced that the 
projections became metallized by a burnishing action 
and, further, that they were probably the contacts through 
which the major contacts to the film took place. 

The existence of the rather large metall zed spot in 
the right center portion of Fig. 6 prompted further 
examination. Detailed examination of the noise pattern 
associated with this film and pin-pointing of the exact 
location of the large metallized spot proved that this 
spot was the cause for a large noise peak. 

Photomicrographs have also been of assistance in 
examining the results of various methods of controll ng 
film width, such as sandblasting, scribing, or grinding. 







Fig. 6— Light micrograph of wiper track after 230,000 cycles 
of wear: left, not etched; right, etched. 
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Evidences of film vaporization as a result of wiper arc- 
ing have also been detected. 


Functional Performance 


Functional performance, or life, of film elements, as 
with bulk elements, is a complex function of such factors 
as cycles of wear, wiper materials and pressure, time, 
ambient temperature, ambient humidity, and load. Since 
few materials or designs can hope to meet all require- 
ments satisfactorily, suitability will depend on the per- 
formance of each material with respect to the require- 
ments of any given application. Consequently, no hard 
and fast set of environmental tests to determine life can 
be outlined in detail. Generally, however, a preliminary 
wear test can be conducted under the least complicated 
set of conditions; that is, at room temperature, at low 
humidities, and without load. The results will provide 
data upon which to base an initial evaluation estimate 
and also the basis for designing additional tests under 
conditions approximating actual operation 


Applicability to Specific Film Materials 


The techniques described here can be applied to the 
evaluation of any solid film materials which have re 
sistivities in the metallic and semiconductive range. The 
present techniques may not be suitable for semiconductor 
films of very high resistivity because of the difficulty 
frequently encountered from surface leakage. However, 
if necessary, this range can probably also be covered. 

Specific film materials which have been studied so 
far include chromium-titanium-nitride, tin oxide, indium 
oxide, carbon, and borocarbon. Some of these materials 
have been thin (100 to 200 A); 

over 1000 A). In some cases, palladium alloy wipers 


others have been thick 


were used, in others silver-loaded graphite, and in still 
others refractory transition metals and metal alloys have 
been used. Film substrates have been Vycor, Pyrex or 
ceramic (polished or unpolished.) Conductive plastics 
and conductive cermets can probably be handled with 
similar techniques. 


Conclusions 


Potentiometers utilizing film elements offer advant- 
ages, in many cases, over other types from the stand- 
point of resolution, resistance range, accuracy, resistance 
stability, achievement of complex functions and cost. 
The extent to which any material can provide these 
improvements and, in addition, meet the other general 
requirements depends upon its own fundamental proper- 
ties. Therefore, before any material may be considered 
and accepted for use, its properties and behavior must 
first be measured and tested. From an analysis of cer- 
tain measurements and functional tests, a good estimate 
of the suitability and expected performance of film ma- 
terials for potentiometer applications can be deduced. 
Through such evaluations, and eventual development 
of operating units, the potential advantages of film-type 
variable resistors may be eventually realized and, thereby, 
lead to the further advancement of electronic systems. 

Oo00 
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Environmental Evaluation Data 


For Silicone 


Various ty pes of silicone encapsulants and 
potting compounds for electronic compo- 
nents and circuit units have been evalu- 
ated by means of a simplified test proce- 
dure that provides a uniform basis for 
materials comparison. Comparisons with 


organic resinous compounds are given. 


D. F. CHRISTENSEN 
Dow Coaninc Corporation 
Midland, Michigan 


ENVIRONMENTAL TESTING of an encapsulant is often done 
on the encapsulated component or circuit unit. Ad- 
mittedly, this procedure is a good one. However, it is 
frequently costly and time consuming. On the other hand, 
commerce ally published materials data may have been 
obtained under diverse conditions and are frequently 
not directly comparable. 

A simple, inexpensive specimen test (the Potted Ca- 
pacitor Test) has been developed which can be used to 
evaluate electrical and other properties of encapsulants 
and potting compounds for electronic components and 
circuits. Briefly, the test procedure is as follows: 
57-pf fixed air capacitor (see Fig. 1) 

Beaker (or similar form) 
2. Specimen preparation: 

a. Fix 5-in. nickel-plated copper lead to capacitor lugs 
and clean to remove dirt and oil. 

b. Measure initial capacitance so that dielectric con- 
stant of potting compound may be calculated. 

c. Pot the capacitor in dielectric compound to a level 
of ¥@ in. to 4% in. above the top of the capacitor and 
cure according to manufacturer's recommendation. 

3. Measurements: 

a. Capacitance (for dielectric constant determination) 

b. Dissipation factor 

c. Insulation resistance (for volume resistivity calcu- 
lation ) 

4. Typical evaluation programs: 
a. Basic measurement of electrical properties 


1. Equipment 
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Encapsulants 


b. Effect of fillers catalyst and cure on electrical 
properties. 

c. Effects of environments: heat, moisture, chemicals 
radiation. 


The test method is adaptable to both resinous and 
elastomeric compounds. Specimens can be subjected to 
many different environments. This report presents a 
summary of test results on several types of s licone en- 
capsulants and potting compounds, compared with test 
data on organic encapsulants. A description of the vari- 
ous materials will be given preliminary to a discussion 
of the test data. 


Rigid Silicone Encapsulants 


Solventless silicone resins are used in formulating 
some of the most thermally stable rigid encapsulants in 
use. These low-viscosity resins, catalyzed with peroxide 
cur_ng agents, are relatively easy to use and have ex- 
treme resistance to moisture, high temperatures and 
nuclear radiation. 

While the use of a peroxide curing agent requires heat 
to cure the resin, an advantage results in that pot |-fe 
of the catalyzed material is at least six months at room 
temperature. Even at temperatures in the range of 80 C, 
the catalyzed pot life is several hours. Other minor but 





Fig. 1 — A 57-pf fixed air capacitor used in the Potted Capacitor 
Test for encapsulants. 
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Fig. 2 — Effect of temperature on stress developed in encapsu- 
lated or potted assemblies for dielectric silicone gel and rigid 
encapsulants. (Source: Westinghouse Electric Corp.) 





perhaps interesting characteristics of the solventless sili- 
cone resin system include easy mixing of components 
with no release of heat or toxic fumes on curing. 

As with many polyester and epoxy encapsulants, fillers 
are commonly used with the solventless silicone resins. 
While many fillers are suitable for use, they may be 
generally classified into two groups according to particle 
size and particle structure. Two common particle struc- 
tures are designated as flour and granular types. 

Flour-filled types, because of their fine particle size, 
do not permit high loading. With loading in the range of 
20 to 100 per cent, a heavy, almost putty-like material 
is formed. At lower concentrations, flour-type fillers can 
be used to produce pourable compounds. Separation of 
the filler and the resin is likely to occur on standing, 
however, and mixing is required just before using. Since 
pourability is accomplished by reduced filler loading, the 
compound may suffer in one or more areas such as de- 
creased thermal conductivity and higher thermal ex- 
pansion. 

The use of a granular filler and the filled-in-place 
technique has proved to be an excellent system for the 
solventless silicone resins. This method allows a filler- 
to-resin ratio greater than 2:1, and also eliminates in- 
herent drawbacks of the pre-filled resin system. The 
granular filler is poured around the part to be potted 
or encapsulated. The filler is then impregnated with resin 
and the system cured. Zirconium orthosilicate, flint shot 
and bond sand are suitable fillers. With a zirconium 
orthosilicate filler, it is possible to produce a casting 
that is 70 per cent filler and 30 per cent resin on a 
volume basis. On a weight basis this ratio is 90:10. 


Silicone Elastomers 


Room-temperature-vulcanizing silicone-rubber com- 
pounds (available in a range of consistencies from free- 


118 


flowing pastes to putty-like compounds) are well estab 
lished as potting and encapsulating materials for elec- 
tronic applications. By choice of catalyst, the speed of 
room-temperature cure may be varied from several hours 
to several minutes. Excellent environmental protection is 
assured, since these materials are highly resistant to the 
degrading effects of moisture, high temperature and 
chemicals. Shock and vibration protection is provided 
by the resilient nature of the material. Of growing im- 
portance is the fact that equipment protected by silicone 
rubber encapsulants is “de-pottable”. The coatings may 
he opened for parts replacement, resealed and the com- 
plete unit placed back in service. 

Application is simple: the catalyst is mixed or stirred 
into the rubber paste and the compound is poured or 
applied with a gun to the device to be potted. No toxic 
volatiles are generated during cure and the reaction is 
not exothermic. 

Occasionally, an application requires a more fluid 
compound than even the thinnest silicone rubber, and 
a silicone electrical-grade fluid can be used as a diluent. 
A fluid of 20 centistokes viscosity is recommended. The 
addition of a diluent has no degrading effects on the 
electrical characteristics of the rubber compound, al- 
though physical properties are generally lowered. The 
amount of fluid to be added depends on the application 
requirements. Usually, 20 to 50 parts of fluid for each 
100 parts of silicone rubber will provide adequate dilu- 
tion. This amount of fluid will retard the room-tempera- 
ture set-up time by a factor of roughly two 


Silicone Dielectric Gel 


A silicone-gel potting compound that permits visual 
and instrument checking of parts within the potted as 
sembly has recently been developed. This compound is 
easily applied as a water-white liquid of about 600- 
centistoke viscosity and cures in place to form a soft, 
resilient mass that combines outstanding electrical prop 
erties with thermal stability and moisture resistance. 

This new compound requires a co-reactant and heat for 
gelation. Curing time can be varied from approximately 
30 min to nearly 48 hr simply by changing the cure 
temperature. The curing temperatures range from 150 
to 40 C, which permits application in equipment con 
taining germanium semiconductor devices. The material 
may be gelled in open or sealed systems. Since no by- 
products are formed during gelation, good confined heat 
stability and low weight loss are obtained. 

The cured gel is crystal clear; therefore, encapsulated 
or potted circuits can be traced visually and test probes 
accurately directed to connections simply by inserting 
them through the gel. The gel exhibits a self-healing 
characteristic when test probes are withdrawn. Gel- 
potted units are repairable. Defective parts may be re- 
moved by cutting away the gel. After replacement, new 
liquid is added and gelled by reheating. 

Due to its soft, resilient consistency, no damaging 
stresses are set up by this material either during or after 
cure. This characteristic is particularly important where 
such stresses may change the permeability of magnet 
structures. An example of stresses on a typical encapsu- 
lated part developed by temperature changes is shown in 
Fig. 2. These data show that rigid encapsulants transmit 
high shrinkage forces, but the silicone gel is almost free 
of any stress over the same temperature range. 
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Combined Effect of Moisture and Thermal Aging on the Volume Resistivity of Encapsulants and 
Potting Compounds (Potted Capacitor Method —Values in Ohm-Cm) 
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or chemical contamination will also affect electrical proper- 


Silicone electrical compounds, composed of a silicone : } 
ties of encapsulants. These variations are caused by changes 


fluid base and an inorganic filler, have found use as 
transistor potting materials. They are also used to pro- 
vide intimate heat-sink contact on high-power transistors 
and rectifiers. The initial consistency of these compounds 
is similar to that of petroleum jelly and is retained 
unchanged by the passing of time over the temperature 
range of —-75 to +-200 C. They are extremely water 
repellent, chemically inert and have low electrical losses 
over a wide frequency range. 


Environmental Considerations 





In the evaluation of encapsulating compounds, the 
follow.ng aspects of environmental effects should be con- 
sidered: 


1. Moisture and elevated temperature are the most com- 
mon environmental conditions that may cause degradation 
of the encapsulating materials. 

An encapsulant must retain its physical and electrical 
integrity in order to offer protection. If it does not, the 
application may be a failure. 

3. Physically, a material may fail because it simply is 











not strong enough to withstand the forces developed during fo 
cure or thermal shock. Physical failure may also result ." S6) t a2 a? 
from exposure to high temperature or nuclear radiation. S igi Se Dielectric ge | 
These environments cause most materials to shrink due to - ate _ Olventiess silicone resin 
loss in weight. The accompanying oxidation may cause a = 10'*|— | stone 
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4. Frequently, physical degradation will vceur with little + a [pen nt 
or no change in electrical properties other than electric 2 io? | 
strength. However, this is not always the case. Physical Pare 100 200 300 
degradation may be accompanied by drastic changes in Temperature deg C 
electrical properties if the material becomes conductive due Fig. 3 — The effect of temperature on the electrical properties 
to chemical decomposition. of various encapsulants. (Note: Silastic RTV is Dow Corning 
5. The electrical properties of encapsulants may vary room-temperature-curing silicone rubber.) 
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in polarization or conduction and may be independent of 
physical degradation. 


Evaluation Data 


described Potted Capacitor Method 
was used to determine the capacitance, dissipation factor 


The previously 


and volume resistivity of the various silicone encapsu- 
lants 
organi 
urements such as volume resistivity are useful in detect- 


described here. For comparison, filled resinous 


materials were also tested. Direct-current meas 
ing the presence of absorbed moisture or a change in 
conductivity. The effects of temperature, moisture and 
thermal aging are readily detected in the range of 60 
to 1000 cps. However, measurements at some other fre- 
quency may be considered more appropriate because 
of the particular application for which the materials are 
being evaluated 


The effect of 


properties of several encapsulants is shown by the curves 


varying temperature on the electrical 


in Fig. 3. Dielectric constant and dissipation factor were 
measured at 1.0 kilocycle and volume res stivity measured 
at 500 volts d-c with a 1.0 min electrification time. 


“yy” 


At 150 C, the electrical losses in the orgariic 


en 
capsulant resulted in readings beyond the range of 
laboratory measurng equipment. For this reason, no 


data are shown beyond 100 C. Similarly, Silastic RTV 
silicone rubber had excessive losses at 200 C. Organic 
“Y” although stable up to 200 C, became quite conduc- 
tive at higher temperatures, as indicated by the sharp 
drop in volume resistivity. 

The effects of thermal aging on the electrical properties 
of three silicone d electrics are shown in Fig. 4. The 
curves on the left show the effects of aging at the highest 
suggested temperature for continuous operation of each 
material. This temperature is based on the results of 
potted capacitors exposed to air at these temperatures 
continuously for one year. After this time, all three 
silicones were physically sound. 
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The curves on the right in Fig. 4 show the effects of 
aging each material at a temperature 50 C higher. At 
300 C, exposed to air, the filled, solventless sil cone 
resin maintained good properties for approximately 1000 
hr. After this time, the physical strength of the material 
decreased rapidly. High-temperature |'fe can be extended, 
however, by operation in the absence of oxygen. 

Room-temperature-curing silicone rubber (Silastic 
RTV), although it retains good electrical properties dut 
ing exposure at 250 C, becomes hard in approximately 
1000 hr at this temperature. Likewise, the silicone gel, 
an excellent dielectric at elevated temperatures, becomes 
hard and friable after approximately 2000-3000 hr at 
200 C. 

Physical degradation or the formation of water-soluble 
constituents during high-temperature exposure can be 
detected by including water immersion in the test cycle 
Volume resistivity measurements, made directly after the 
heat-aging portion of the test cycle (dry) and after 24 
hr immersion in water, are useful for this evaluation. 

Volume-resistivity measurements of this type are shown 
in the accompanying tabulation. The materials are the 
same as those shown in Fig. 4. It is important to note 
that all the silicone encapsulants tested maintained high 
resistivity values after approximately one year of aging. 
Organic “X” and organic “Y” dropped to the lowest 
readable value on the Terraohmmeter after 12 weeks of 
aging at 150 and 200 C, respectively. 

These data indicate the excellent resistance of silicones 
to the combined influences of high-temperature aging 
and moisture. 


Conclusions 


The lack of accepted criteria for comparing the life 
of encapsulating and potting materials at elevated tem- 
peratures has resulted in considerable confusion. The need 
for standard and recognized test methods for classifying 
potting and encapsulating material is evident. OOO 
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Iwo microminiature relays and their threetimes scale models 
used for performance testing and analysis by Potter & Brum- 


field, Princeton, Ind. 


Relay Field Data Invited 
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For Standards Program 


The recent kighth National Conference on klectromagnetic Relays, 


held at Oklahoma State University. again demonstrated that there ts 


continuing development and growth in relay design and use: this 


is also shown by the fact that the Progress Report is now going into 


a new printing to satisfy requests, including many from abroad. This 


active program needs more 


feedback from relay makers and users, 


in the form of directed questions, criticism and experience data. 


ARNOLD E. RUDAHI 


Issociate Editor 


Berren AVAILABILITY of sound application advice for relays 
was strongly urged by a spokesman for a large industrial 
user of relays and other switching devices. In his address at 
the Relay Conference, Dr. L. T. Rader, vice president of 
International Telephone and Telegraph Corporation, pointed 
out that our almost inconceivably complex automatic tele- 
phone systems are so reliable that they go virtually un- 
noticed—that they must be. to function at all—and that the 
relay has been and still is the universal ingredient in these 
systems. The all-too-facile derogation of contact devices as 
being inherently unreliable derives largely from their ill- 
advised application, he suggested. 

Application advice must be specific to be useful. The 
general purpose of providing a firm basis for such advice in 
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terms having common acceptance is the motivation fur the 
relav industry standardizing activities. Last year the ASA 
ipproved relay definitions as American Standard No. C83.16- 
1959. using as a main reference the “Definitions of Relay 
lerms” published by the Association of Relay Manufacturers 
in 1955. For relays, test methods and definitions are the keys 
» application guidance. The recognition of the roles to be 
played by relays and of their true reliability when properly 
applied in the functions they can best serve will depend, to a 
large extent, on the soundness and availability of informa- 
tion for the relay user. Framing this information for relay 
testing and relating it to similar activities in the armed 
ervices and other agencies are the purposes of the present 
Committee Il of the relay association. For instance. coordina- 
tion is being effected with the relay test method activities 
of the Aircraft Industries Association, and military agencies 
are tending to use the NARM reports in their specifications 
revisions. 

Testing-Committee Progress. Although Committee 
II is divided into six subcommittees to cover various aspects 
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Fig. 1 — Proposed definitions of shock test pulses. The sawtooth 
wave, above, is a more severe pulse intended for qualification 
testing; the half-sine, below, is for quality assurance testing. 


of relay testing, inevitably there are questions of interest 
common among the divisions. Circuits for detection of con- 
tact “failure”, definitions of failure, chatter detection, and 
specifications for contact loading during tests are all ques- 
tions which occur to some degree in almost all phases of 
relay testing. Agreement among the subcommittees and with 
other interested groups is being worked out; in these 
matters, as in connection with testing, for questions which 
are open to relatively arbitrary decision comments and sug- 
gestions are needed. 

The Chairman of the Subcommittee on Environmental 
Testing, Leonard Greschel of the Joseph Pollak Corporation, 
feels that this question of unifying the activities of the 
various subcommittees warrants a specific defined project 
for establishing standard format, scope and procedures for 
reports and specifications, for definitions common to various 
subcommittees, and for the all-important but frequently am- 
biguous definition and distinction between “specifications”, 
“procedures” and “instructions”. Unless guarded against, 
there is a natural tendency for definitions of test procedures 
and equipment to use terms and forms more appropriate to 
actual performance specifications. In this connection, for 
instance, the Subcommittee on Shock, Acceleration and 
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Tumbling is now inclined to define shock test pulses rather 
than to specify the use of particular shock machines or even 
their forms. According to Don Hoeck of Automatic Electric, 
the chairman of the group studying shock, this thinking has 
proceeded now to the point of convincing military agencies 
that shock specifications should not be in terms of shock 
machines, but of pulse definition. Figure 1 shows the pro- 
posed form of defining shock pulses for both the half-sine 
and sawtooth shapes; the former is suggested for quality- 
assurance, in-line testing, whereas the latter, a more severe 
test, is intended for qualification purposes. The relay classes 
shown are arbitrary, as used in specifications such as 
MIL-25018, to on the basis of shock “g-level” 
requirements. 

An important question in all forms of relay testing and 
application is the behavior of contacts at low energy levels. 
As a good example of coordination of the NARM work with 
other relay-interested agencies, Ralph Ferry of Allied 
Control reported that his Subcommittee on “Dry Circuits” 
is now changing its terminology io agree with that of the 
ASA. The latter group, in a definition published in 1957, 
considers “dry circuit” to mean contacts which neither break 
nor make current of any appreciable magnitude, the limita- 
tions being in the order of microvolts and microamperes. 
The NARM committee will use the term “low-energy” (or 
“low level”) now and in the future in reference to contact 
voltages not high enough to rupture contact films, a con- 
dition in which contact mechanical effects only are operative, 
there being no active thermal or electrical energies present 

The Subcommittee on “Vibration Testing,” now headed by 
Hugh Cullin of Struthers-Dunn, is still recommending the 
sinusoidal form of input and makes the point that those 
specifications which cite a permissible distortion in wave- 
shape must specify where and how this is to be measured. 
In vibration testing, also, there remains the open question of 
defining the means of detection of relay failure. This sub- 
committee is receptive to contact failure and chatter detec- 
tion methods standardized by other groups and agencies, 
when this is accomplished. A change to be made in the 
“Relay Testing Procedures” report, under Vibration, is the 
elimination of the detailed mounting block specifications 
because they are too specific and narrow in application. 

Technical Paper Citations. Continuing the practice 
started last year, a Conference committee selected five of the 
presented papers for general excellence and value, and their 
authors were elected to Fellowship in the College of Relay 
Engineers. These awards, sponsored by the NARM, were 
made to Louis D. DeLalio of Filtors, Inc., Walter J. Richert 
of “Potter & Brumfield, Donald W. Hoeck of Automatic 
Electric, R. C. Sandia Corporation, and Horace 
Robertshaw, Union Switch and Signal. Points of particular 
interest in the papers presented by these authors are sum 
marized in the following. 
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Fig. 2— Equivalent cireuit for relay contacts with iron-core 
inductor load, in which L,, is main field inductance, L, is leak- 
age inductance, C, the distributed capacity, R,, is de winding 
resistance, R, the core losses, and Z, represents all shunt im- 
pedances across the inductor, such as resistor-capacitor net- 
works, semiconductor devices, and test equipment. 
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Fig. 4— Contact discharge voltage waveshape when steady-state 
current after contact break is greater than minimum current 
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Fig. 3 — Contact discharge voltage waveshape when steady-state 
current after contact break is less than minimum are current. 
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Contact Rating. In “The D-C Inductive Loading of 
Contacts,” L. D. DeLalio and C. P. Nunn of Filtors, Inc. 
submitted that a frequent and troublesome source of relay 
mis-application and consequent dissatisfaction with relays is 
inductive-load contact rating practices. One possible reason 
for the general neglect of inductive contact rating and its 
inconsistency of definition may be that users are unaware of 
their own true contact loads and the consequent use of 
resistive load testing and rating for relays which, in service, 
actually serve highly inductive loads—other relays, for in- 
stance. Another reason for the lack of definition is the 
complex array of variables present in the question of induc- 
tive-load rating of contacts. The problem can be simplified 
by taking advantage of the observed fact that contact erosion 
under d-c inductive load conditions is closely related to the 
inductive energy stored in the load. 

In the Filtors investigation of the inductive-load contact 
rating question, it was found useful to categorize the energy 
levels in terms of low, medium and high. “Medium energy,” 
on which the present report is concentrated, was considered 
to be the range of 10 to 2000 millijoules, with 100,000 
contact operations expected without degradation of per- 
formance. If contact-make bounce is small, most contact 
erosion takes place during contact-break; therefore, con- 
tact-make was not analyzed. A typical iron-core inductor 
may be represented by the equivalent circuit of Fig. 2. It is 
assumed that the circuit has assumed steady state before the 
contact is opened, that the shunt impedance Z, is relatively 
high, the bulk of the energy is dissipated across the breaking 
contacts, and the distributed capacity is relatively small. 
Contact velocity is considered to be normal for relays for 
medium energy application, approximately 80 cm/sec. 
When the contact is closed, and after steady state is reached, 
the energy stored in the inductor is 

W = % LI,? 
in which /, is the steady-state current, E/R,,. The energy 
stored in the main field is considerably higher than that in 
the leakage field; the latter can be disregarded. 

If the steady-state current is less than the minimum arc 
current,* the current in the inductor will begin to charge 
the distributed capacity to the minimum voltage required for 
breakdown.t When the minimum breakdown voltage is at- 
tained, a glow discharge occurs which immediately turns into 
an arc during which the capacity is discharged, and the arc 


* Electric Contect Handbook, R. Holm, Springer-Verlag (Berlin) 1958. 


t Physical Processes in Contact Erosion, L. H. Germer, Bell Telephone Labora- 
tories, Murrey Hill, N. J., and “Relay Contact Prot ." R. B. . 
Pr . ‘ ae ac ection,” R. H. Gumley, Beil 
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extinguishes itself. Successive charging and discharging 
occurs, which is similar to the action of a sawtooth generato: 
and is called “showering”. The process repeats until the 
inductive circuit energy is dissipated or the contacts have 
separated completely. The particular contact discharge 
phenomenon is shown in Fig. 3. 

When the minimum art conditions of voltage and current 
for the contact material used are exceeded, a different 
discharge occurs, Fig. 4. Apparently, upon contact separa- 
tion, sufficient current is supplied by the inductor for a 
sustained arc which will discharge the energy stored in the 
inductor. When the contact gap is too large for a maintained 
arc, the current will charge the distributed capacity to the 
breakdown voltage required to cause a glow discharge, 
which may convert to showering, followed by a damped 
oscillatory wave. 

It can be shown that the quantity of electricity transferred 
in an are is the determining factor in the amount of material 
transferred. Tests have corroborated the relation between 
inductive-circuit stored energy and contact erosion. Figure 
5 shows 30 magnifications of contacts exposed to the 
various load and operating conditions indicated; the relation 
between contact erosion and inductive circuit energy storage 
is evident. 

Contact-Performance Prediction. Low-level contact 
behavior was the subject of an extensive test and analysis 
program by Union Switch & Signal, to explore the relations 
between various operating conditions and contact failures. 
In “Single Contact Observations in the Low-Level Area,” 
H. Robertshaw, Jr., revealed a number of significant test 
results and deductions. 

In Fig. 6 is shown the relay contact-failure pattern gen- 
erally accepted by the relay industry. Roughly 65 per cent of 
all failures appear to occur within the first 1000 operations, 
after which there is a gradual decrease. After 5000, the rate 
of failure becomes nearly constant and it would seem logical 
that greater reliability of the remaining relays would be 
inevitable; the 5000-cycle operating test has been generally 
accepted to predict low-level reliability. The Union Switch & 
Signal project, in an effort to test the validity of the fore- 
going hypothesis, evaluated several hundred relays to deter- 
mine if a repetitive failure pattern existed. It was found that 
an uninterrupted test run produced failure curves closely 
approximating Fig. 6, but that when testing was interrupted 
and the relays were stored and inoperative for periods such 
as.7 and 10 days, when testing was resumed there were sharp 
rises in the failure curves followed by resumption of the 
characteristic pattern of Fig. 6. Similar but higher sharp 
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A: with no shunt —-e = 100 
volts/em; t = 2 millisec/cm; 
i= 1 emp; FV = 61% 
joule; L = 0.350 henry. 


B: with varistor shunt — e 

50 volts/em; t 2 milli- 
sec/em; | = 1 amp; V = 
0.175 joule; L = 0.350 henry. 





C: without shunt —e — 250 
volts/em; t — 500 usec/em; 
I = 0.140 amp; WV = 0.012 
joule; L 1.2 henrys. 


D: with diode-resistor shunt 
e = 250 velts/em; ¢t = 

500 usec/em:; VW = 0012 

joule; L 1.2 henrys. 





Fig. 5 — Photomicrographs (30) of relay contacts under various conditions 


of load, showing relation between energy level and contact erosion 


rises in failure, followed by the characteristic pattern, were evaluation of performance capabilities of any polarized 





found in tests of relays which were shipped 700 miles and 
returned, with normal handling in transit. 

The initial program included “multiple-contact” tests, 
with many contacts in series, on miniature hermeticaily 
sealed relays, with results leading to conclusions completely 
at odds with those generally accepted. Within the ranges of 
0 to 40 xamp and 0 to 80 mv, changes in either current or 
voltage level did not change the rate of contact failure; no 
difference was observed between a-c and d-c contact loading, 
nor from variation of contact load voltage frequency from 
60 to 2000 cps. No significant failure-rate differences were 
observed in variation of contact voltage waveshape, including 
sawtooth, sinusoidal and square wave; test cycling rate also 
was varied between one and 10 cps with no observable effect 
on the contact “miss” pattern. Failure resistance level, that 
is, the contact resistance level deemed to be a contact 
“failure”, was varied from one ohm to 10,000 ohms with no 
change in contact failure pattern. Elevated temperature (to 
125 C) and vibration, however, were found to produce sig 
nificant decreases in contact failure rates. 

Other conclusions were derived from further extensive 
tests in the program, most of which were conducted on a 
single-contact basis. Low-level contact malfunctions are at- 
tributed to the presence of relatively large or very minute 
particle contaminants, and therefore occur in a random or 
erratic manner. Since malfunctions in low-level contacts are 
inherently random in nature, performance can not be pre- 
dicted for a given contact. Rates of failure on low-level miss 
test, however, can be used to predict probable group re- 
liability by comparison between lots or by comparison of a 
given lot against an empirical] standard. 

Relay Design by Scale Model. At the head of this 
article a standard and a new sensitive microminiature relay 
are shown, together with three-times scale models used in 
their design, as described by Walter J. Richert of Potter & 
Brumfield in “Evolution of a Micro-Miniature Magnetic 
Latching Relay.” Measurements are necessary if an accurate 
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relay design or modification is intended. The recording of 
torque and flux values even on large relays requires extreme 
care. The possibilities for error are naturally much more 
pronounced when taking these measurements on extremely 
small relays. Measuring flux density in working air gaps, for 
instance, is limited by the thickness and surface area of the 
probes or search coils used. In the case of attempting such 
measurements in the working air gap of a microminiature 
polar relay, this would mean that the probe would have to 
fit in the 0.012 in. wide opening and should not cover more 
than a 0.06 in. diam area. The smallest probe of an available 
instrument, which works on the Hall principle, is 0.008 in. 
thick. It would permit measuring the flux in the open air 
gap, but would be of no value in determining gap flux 
density values corresponding to different points along the 
armature travel. 

In order to increase the number of feasible measurements 
and to simplify and improve the accuracy of others, the 


Cumwiotive reloy foilures, per cent of total 





Thousands of operations 


Fig. 6 — Typical low-level relay contact-failure pattern. 
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force-distance and flux readings were taken on three times 
scale models of the exact proportions and built with iden- 
tical magnetic materials. The measurements taken on the 
scale models are proportional to the values and character- 
istics of the small originals. Tripling all physical dimensions 
of the original relay, while maintaining the same materials 
and operating flux density, results in relay characteristics 





The continuing program of Committee II is admin- 
istered this year by J. W. Ayers, Automatic Electric Sales 
Corporation, as chairman. The Subcommittees and their 


chairmen are: 
Low-Energy Circuits 
Company 
Measurement of Electrical 


Contact Life Testing 
lak Corporation 


Vibration Testing 
Ine. 


as shown in the table on page 126. 


Relay Reliability by Specification Control 


detail. Customarily, however, quality- | 


OnE OF THE RECOMMENDATIONS made 
in 1958 by the Advisory Group on Re- 
liability of Electronic Equipment in a 
report released by the Assistant Secre- 
tary of Defense (Research and Engi- 
neering) was to continue studies on 
“how to get more reliable parts into 
electronic equipment.” The Study on 
Parts Specifications Management for 
Reliability was established under joint 
sponsorship of the Director of Defense 
Research and Engineering and the As- 
sistant Secretary of Defense (Supply 
and Logistics). At the recent Electronic 
Components Conference, recommenda- 
tions derived from this study were pre- 
sented. 

Sweeping revisions are sought in the 
procedures now used in Qualification 
Approval and Acceptance Testing of 
component parts, and statistically de- 
signed test plans to accompany specifi- 
cations for parts are recommended. In 
order to keep the statistical system cur- 
rent, a method is proposed for generat- 
ing parts application data in terms of 
failure rates as a function of time and 
environmental stress. A permanent cen 
tral control group is proposed to provide 
management control of specification de 
velopment, technical documentation and 
distribution, and the parts standardiza 
tion program. 

A primary objective is the develop- 
ment of methods of incorporating re- 
liability requirements in specifications, 
including test requirements to prove 
compliance with reliability levels spect- 
fied. One approach in the study was to 
project the preparation of detailed pro- 
totype specifications for three types of 
components, chosen to provide features 
representative of the wide range of 
problems among electronic parts, One 
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Ralph Ferry, Allied Control 


Characteristics 

Smith, Potter & Brumfield, Inc. 

0. H. Grotelueschen, R-B-M 
Division, Essex Wire Corporation 

Environmental Testing — L. J. Greschel, Joseph Pol- 


-Hugh Cullin, Struthers-Dunn, 


Zeke 


men, or to: 


The NARM Committee on Relay Testing 


Shock, Acceleration and Tumbling — Don Hoeck, 
Automatic Electric Company 


Questions, comments and suggestions relating to all 
phases of relay standards and testing are urgently needed 
for the program to be representative and most useful. 
These may be addressed to any of the committee chair- 


Professor Charles F. Cameron 
Vice Chairman, NARM Technical Committee II 
P.O. Box 6 


Stillwater, Oklahoma 
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Well-designed polarized relays are considerably more efh- 
cient than tonventional relays of similar size. The designer 
has the choice of utilizing this efficiency for either extreme 
sensitivity or high force output. In the original latching 
relay, strong net forces were provided to offer resistance to 
shock and vibration. In the new relay, emphasis was placed 
primarily on an increase in operating sensitivity, together 


with higher contact rating, reduced contact bounce and im- 


of these prototype specifications is to 
be for relays. 

At the recent Oklahoma Conference, 
some of the problems in equipping 
specifications with reliability factors 
were outlined by C. J. Brzezinski, Office 
of the Assistant Secretary of Defense 
(Supply and Logistics), in a paper, 
“Reliability Provisions in Specifications 
for Relays.” Tests in existing specifica- 
tions fit into three groups: conformance 
inspections, to ascertain that a product 
conforms to standards established by 
the design and which should be planned 
to detect defects which may be acquired 
at any time during manufacture; en- 
vironmental tests, to ascertain whether 
conforming products can withstand en- 
vironmental conditions of operation, 
planned to detect design errors; and 
life tests to ascertain whether conform- 
ing products are capable of functioning 
satisfactorily throughout their projected 
lives. The latter are intended to detect 
limited life potential caused by certain 
combinations of normal variations in 
design and construction detail; unde- 
sirable variations may be generated by 
either design error or by the manufac 
turing process. 

Technical requirements are normally 
expressed in terms of performance char- 
acteristics, in the typical military speci- 
fication. Such performance-type specifi- 
cations are both realistic and practical 
for a product such as a relay. There 
are so many possible combinations of 
material and construction detail in a 
relay that selection is a problem to be 
solved by the manufacturer. The search 
for better combinations should be con- 
tinuous and should not be discouraged 
by requirements which freeze design 





assurance provisions tend to establish 
a minimum quality level as the stand- 
ard. This discourages product improve- 
ments that might increase costs. Speci- 
fications should therefore not establish 
minimum quality as a sole and inflexible 
standard; some minimum level is nec 
essary, but this should be automatically 
adjustable to whatever higher levels the 
product can attain. The problem of 
flexible quality and reliability levels in- 
volves adjustment of the amount of test- 
ing required by the specification. It is 
readily apparent that only life test can 
be used to estimate product reliability. 
The life-test requirement should be in- 
herently flexible to provide not only for 
evaluation of the reliability of units of 
current production, but also for the 
evaluation of new reliability levels at- 
tained if product reliability is improved. 
The use of complex and sophisticated 
statistical techniques is only a partial 
solution; a more effective approach is 
through the development of accelerated 
life-testing methods. 

Reliability — unlike other quality 
characteristics —— can only be estimated, 
since life tests are destructive. No sam- 
pling plan can be chosen which will do 
more than reduce the possible error in 
a failure-rate figure; it is impossible to 
derive a meaningful numerical expres- 
sion for reliability under us+ conditions 
from a numerical value derived from a 
life test that is not performed under 
actual use conditions. By establishing 
more than one quality and reliability 
level as a minimum standard, it is pos- 
sible to assure product conformance to 
that level of reliability required for any 
given application. 
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proved low-level performance, but without impairing the 
shock and vibration resistance already achieved. Large gains 
in sensitivity of the new design were accomplished by re- 
ducing the largest factor affecting sensitivity of this par- 
ticular type of polarized structure—the operating air gap. 
In order to take advantage of the gain in sensitivity possible 
through reduction of armature travel, a new contact struc- 
ture was developed in order not to sacrifice contact pressure 
or over-travel. In the original design, overtravel pressure is 
produced solely by the flexing of the movable contact arm, 
whereas, in the new sensitive design, flexible stationary 
contacts together with little flexing of the movable contact 
arm are employed, thus requiring less armature motion for 
operation. 

Relay Transient Analysis. Significant relay variables 
and parameters can be translated into a single function by 
the use of generalized transient operating curves, according 
to R. C. Sadler of Sandia Corporation, in “Transient Relay 
Characteristics—Their Contribution to Improved Relay De- 
sign and Use.” In the design of weapons capable of per- 
forming specific functions under a variety of environments 
and with established degrees of confidence in reliability, it 
has been found that signal and control switching functions 
can not be performed reliably through the use of stock relays 
qualified to generalized military specifications. A lack of pre- 
cise measuring techniques for determining variance in the 
adjustments of sealed relays is one of the conspicuous 
hazards to reliability. 

Transient characteristics of sealed relays can be applied 
to predict their performance in systems, to evaluate test 
effects, and to measure variance in relay adjustment. Based 
oh analysis of transient behavior of a relay, generalized data 
can be derived which permit rapid solution to operating 
problems encountered in applying relays in certain tran- 
sistor circuits, in which residual currents are encountered 
and where control of operate and transfer times is useful in 
logic and sequence switching. Certain key variables depend 
on adjustment of the relay and determine levels at which 


Relay Characteristics, Miniature Relay (Subscript 
1) and 3X Scale Model (Subscript 3) 





(1) Flux density ‘B, = ‘B 


= 1/3R 


(initial stipulation) 


(3 X length, 9 < cross- 


(2) | Reluctance R 
| sectional area) 


(3) | Coil resistance R, = 1/3R, (3 X length, 9 X cross- 
sectional area) 
(4) | Total flux o: = 9, (Same ‘B, 9 X cross 
section) 
(5) | Magnetomotive |(mmf),; = 3(mmf), (mmf = ¢ X R) 
force 
(6) | Ampere turns (NI); = 3(NI); (NI «<mmf) 
(7) | Number of N, = N, (dimensional magnifi 
turns cation doesn’t affect N) 
(8) | Coil current I, = 31, divide (6) by (7) 
(9) | Coil voltage V; = V; (V = IR) 
(10) | Coil power P, = 3P,; (8) & (9) 
(11) | Spring compli- CG; = 1/3C, 
_ 1? Cs wi j 
(c<a Gg -F- 1) 
(for simplicity, assume 
compliance isconstant) 
(12) | Spring defiec- &, = 3s, (pure dimensional 
tion (max) magnification) 
(13) | Spring force F, = 9F,; (12) /(11) 
(max) 
(14) | Spring energy W, = 27W, We«Puex X Susx; OF 
(max) (13) X (12) 





Armature end contact gape and other parameters gre obvious. 
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Fig. 7— Test arrangement for point-by-point measurement of 
relay and spring characteristics using weights and micrometer. 


contact chatter will occur in environments such as shock, 
acceleration and vibration. When it is essential to achieve 
a high degree of performance, the generalized data derived 
from relay transient analysis permit compromise of some 
variables to favor others and yet maintain control of per- 





Fig. 8— Tensile tester as used for relay force-deflection meas- 
prement, 
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formance. This is to say that relays can be tailored, through 
the use of this data, to meet specific environmental re- 
quirements. 

Continuous Force—Deflection Testing. The use of a 
tensile testing machine together with a continuous chart 
recorder to measure relay force and deflection characteristics 
was related by D. W. Hoeck of Automatic Electric in 
“Relay Parameters by the Push Button Method.” In the past, 
tedious step-by-step point plotting was used to measure relay 
force, contact and spring pressures in relation to travel and 
electrical energy. These are all primary functions in relay 
development, application and quality evaluation; faster and 
more reproducible test methods for these factors have 
become necessary. 

A typical arrangement for the original laborious point- 
by-point measurement of relay force against displacement 
is shown in Fig. 7. Weights were attached directly to the 
relay armature bushing, and a micrometer head served as a 
backstop. Data were then taken for various armature strokes 
by adjusting the weights and coil current for relay opera- 
tion. Complete performance information required nutnerous 
combinations of load, stroke and current. An improvement 
over this method was the use of a Wheatstone bridge trans- 
ducer and micrometer, the bridge resistance variation in- 
dicating force. The same methods were used for determining 
relay spring characteristics. 

In order to elevate ti all-important testing of mechanical 
characteristics to levels of efficiency and accuracy compa- 
rable with other aspects of the relay art, a technique was 
developed by Automatic Electric to use a tensile tester for 
relay and spring force analysis. Figure 8 shows a tensile 
tester made by Instron Engineering Corporation as used 
for relay testing. The moving crosshead, to which the relay 
or spring to be tested is attached, is operated through drive 


Nuclear Radiation Damage 
To Transistors 
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/. at Ih The 2N174 transistor will serve as an 
example. (See Figs. 11 and 12.) ooo 
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Fig. 9 — Block diagram of relay force-deflection measurement 
using tensile tester. 


screws by a synchronous motor. A recorder chart is als. 
driven by a synchronous motor, giving a relation between 
crosshead and chart motions. Both the tensile tester drive 
and the recorder drive are equipped with various combina- 
tions of gear ratios, so that numerous recorder-time and 
magnification factors can be arranged. Applied load is 
measured with load cells employing bonded-wire strain 
gages, of both compression- and tension-measuring types. 
The block diagram of Fig. 9 is an approximation of the 
system circuit. With no load applied to the load cell, the 
system is in electrical stability. To eliminate 60-cycle har- 
monic interference, a 390-cycle source is applied to the 
strain-gage elements in the load cell. When an external 
force is applied, the strain gage sends an error signal to an 
amplifier and discriminator, converting the signal to d-c. A 
null-balance recorder-amplifier positions the chart pen to 
correspond to the magnitude of the d-c signal. A continuous 
load-deflection curve is produced from which the contact 
opening and closing due to armature movement can be 
determined quite accurately. ooo 
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Fig. l— —_ Senall cigual V8 vs I, was abana oie a pe curve 
drawn through the points. The linear portion of each curve was 
determined by a least squares fit and extrapolated to 1, = 0 to 
obtain 1/8 minimum (1/8,,,,). The errors in 1/8 were mainly 
film-reading inaccuracies; probable errors in 1/8,,,, values were 
caleulated. Fig. 12 (above) and table (left) show example of 
method for collector voltage selection. 
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A Medium-Speed Quasi-Reversible Counter 
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(ALTHOUGH THE medium-speed quasi- 
reversible counter was designed pri- 
marily to perform timing functions for 
missile and space weapons systems, it 
could have other applications. A small 
counter would, for example, be capable 
of counting pulses to establish a cer- 
tain interval of time and then, on a 
given command, of re-counting the 
stored information. The re-counting 
period may be as long as the initial 
period, or it may be some multiple of 
two of the initial period. Such a counter 
might be used in the system described 
below. 

In considering methods of attitude 
control capable of high accuracy, we 
find a basic limitation in the field of 
view of the sensing device: the more 
accurate this device, the smaller the 


field of view. This factor, coupled with 
the necessity for obtaining rate in 
formation to damp the attitude-control 
system response, poses several prob- 
lems. The designer, to find solutions 
to these problems, must consider at- 
titude-control which derive 
damping from programmed torque ap- 
plications. This system consists of a 
sensor capable of detecting the excess 
of the satellite attitude angle of parti 
lar value 6;. When this occurs, a con- 
stant thrust jet is fired to drive @ be- 
low 6,. When @ reaches 6,, thrust is ter- 
minated. The thrust duration is meas- 
ured by a counter, and a reverse thrust 
of one half of the thrust duration is 
initiated. Under ideal conditions, this 
reduces the vehicle attitude rate to zero. 
Such a counter has been built in bread- 
board form and tested successfully. 


systems 


Requirements. The following prelim 
inary requirements served as a starting 
point for the actual circuit design: 
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Complementary reset | 
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Stort count Reset 


Fig. 1 — Block diagram of counter with 
the capability of counting up at a speed, 
w, and down at a speed, 2w. 


1. Accuracy: the accuracy of the device 
was to be no more than 0.25 per cent of 
the total timed interval. 

2. Timer Range: the longest-timed inter 
val was to be no greater than 90 sec. 

3. Weight: the entire weight of the de 
vice, including plugs and housing, was to 
be no more than 5 Ib. 

4. Power: the maximum amount of ex 
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Fig. 2— Circuit diagram of two stages. 
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ternal power required for satisfactory tamer 
operation was not to exceed 2 watts 


Description. The medium-speed, qua- 
wi-reversible timer built in accordance 
with the above requirements is capable 
of (1) counting a certain interval of 
time; (2) storing the information con- 
cerning the time interval, if necessary; 
and (3) on a given command, re-count- 
ing the stored time interval. The second 
time interval may be as long as the 
first or some multiple of two of the 
first time interval. This predetermined 
function is set into the counter before 
initial operation. 

A block diagram of the counter is 
shown in Fig. 1. A circuit diagram of 
two stages is shown in Fig. 2. A circuit 
diagram of the binary element is shown 
in Fig. 3, and a circuit of the comple- 
menting reset for one binary element of 
the counter is shown in Fig. 4. 

The n-stage counter reset input is 
pulsed before initial operation to drive 
the counter to the zero state. The reset 
input is then removed and the counter 
will begin to function after initation of 
some external start signal. At some 
later time, determined by missile in 
flight sequences, a countdown signal is 
received — as, for example, at second- 
stage ignition. This signal complements 
all of the individual binary elements in 
the counter in such a way that, when the 
device starts counting again, the new 
starting point will be the complemented 
state of the original count. The same 
number of pulses (or seconds) will be 
required to cause the counter register 
to fill up (binary 111) if the count 
down rate is the same as the countup 
rate. At this time (when the register 
is full), a signal is obtained from a gate 
which can be used to reset the counter 
and perform some function such as 
actuating aattitude-error correcting 
mechanisms. 


Theory of Operation. In order to un- 
derstand the theory of the complement- 
ing reset better, the following mathe- 
matical explanation is presented. The 
count, B, in the register at any given 
time is: 

Be Ge2* + a,2' + a,2? + + G_-,2” 
where a; can equal zero or one, and 
where 


B = the state of the binary register at the 
time countdown is initiated 

R = the full register 

a, = 0 (1 = the state of i* flip-flop) 


4, = 1 (0 = the complement state of i* 
flip-flop) 
n = the number of flip-flops in the register 
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The full register, R, (a, = a, = a, 
=+*** = a,., = 1) minus the com- 
plemented initial count, B, will be 
shown to equal the initial count, B. In 
other words, when the register has 
counted a certain number of pulses, the 
content of the register is complemented, 
and the number of pulses required to 
fill the register (a, = a, = a, =*** 

= d,., = 1) is equal to the initial 
count, B. 

In literal terms: 


R-~B=B (tobe proved) (1) 


where 


B 
ao2" 


? a;2' tT GQec* + 


and 


B« 
Gg2? + G,2' + G,2* + --- 


al 


R ~ ) a2: = 2° —1 


4,..2°% (3) 


(aq =1) (4) 


where j = 0.1, -»(n—)) 


We can rewrite Eq (1) as follows: 


ReB+B (a, = 0,1), (& = 1,9) 
which, in accordance with Boolean al- 
gebra,* equals 1 (i. e., Full Register). 
This, however, will be given a rigorous 


treatment as follows: 


B+B 


© ao 2° + a, 2' + a, 2* + 


see + Gy_; 2"! + de 2° + di, 2' + da, 2? + 9 


R=) aa = 2-1 


0 
i = 0, 1, 2, (n- 


and 


B+Be2-1 
therefore 


R=B+B 
R-B-=-B 


This proves that, by complementing 
the count in the register, the number of 
pulses required to fill the register is 
the same as the number required to 
obtain the initial count. 

As an example, assume that n, the 
number of flip-flops, equals 5; flip-flop 
A is the most significant digit and flip- 
flop E is the least significant digit. As- 
sume the register contains the count 


ABCDE 
11101 


A complement signal is initiated by 
some external source which closes a 
relay and applies a momentary comple- 
menting voltage to the bases of all the 
transistors in the register. This causes 
every flip-flop to change state. The 

(Continued on next page) 


B=29= 


* See Engineering Applications of Boolean Algebra 
an Execrasca, Mawvracruntnc combined reprint - 

see page 170 thie issue. See also “Logic — and 
Switching Circuits,” Execrmcan Manuracruninc, 
April 1960, p 123, and Basic Science Reprints page. 
p 170 this issue. 


+ G,1 2" 


(ao + Go) 2° + (a; + Gi) 2' + (ae + G2) 2? + +++ + Qa + G4) 2"" 


»> 


Fig. 4 — Complementing reset cir- 
cuitry for one binary element. 
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Fig. 3— Circuit diagram 
of binary element. 
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count now held in the register is B 


(11101 = 00010) or the decimal num- 
ber 2. It thus requires B pulses to fill 


the register, B + B = 11101 + 00010 
= 11111 = 2" — 1. At this point an 
output is obtained denoting that PB 
pulses have been received in the count- 
down mode of operation. 

Another example, using the follow- 
ing table, will further explain how the 
complementing reset operates with re- 
gard to counting down. 


Register oul pul 
000 
001 
010—— 
oll 
100 
101— 
110 
lll 


i 
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Assume the count held in the register 
to be a decimal 5 (binary 101). By 
complementing the binary number 
(101), the decimal number 2 (binary 
010) is obtained. It then requires 5 
counts to fill up the register output 
(111). When the register output 
reaches this condition, a logic AND 
gate associated with the register will 
change state because of the unique in- 
put combination (111). This change of 
voltage state can be modified by con- 
ventional methods (1) to set the entire 
counter to zero to await the next “Start 
Count” signal, and (2) to perform 
some predetermined function for which 
the counter was designed. 

Circuit Design. To understand the 
triggering operation of the flip-flop 
(shown in Fig. 2), assume Q, (in Fig. 
3) to be conducting and Q, to be shut 
off. Point c will be at zero volts and 
point p will be at —8 volts. The out- 
put trigger is either at zero volts or 
—8 volts. When the input goes to zero 
volts, the voltage at point aA momen- 
tarily rises to about +8 volts. At point 
B the voltage rises to zero volts. This 
latter effect tends to raise the voltage 
at the collector of Q, by about 5 per 
cent, but it does not aid appreciably in 
changing state. It is the voltage rise at 
point A which results in Q, starting to 
turn off by back-biasing the base-to- 
emitter junction. The rest of the turn- 
off is a normal flip-flop operation. 

Assuming that Q, is conducting (or 
“on”) and Q, is not conducting (or 
“off’) with zero volts on the input, we 
find that point a goes to —8 volts, which 
does not affect the state of g,, when the 
input drops to -8 volts. Point 8 drops 
to about —16 volts, which does not af- 
fect the state of Q., since this negative- 
going voltage is prevented by the diode 
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cr-2 from reaching the base of Q, and 
turning it on. Only about 10 per cent 
of the voltage drop is seen by the col- 
lector of each transistor, and this is 
too trivial a voltage swing to cause the 
flip-flop to change states. 

Since only a positive-going pulse 
causes the flip-flop to change state, Q of 
each state is used as the input to the 
following binary element. The counter 
is started in the reset position and all 
6's are set high; therefore, two changes 
of state for each flip-flop are required 
before the following flip-flop is trig- 
gered. Thus a divide-by-two count is 
obtained. 

Using this type of base triggering re- 
quires no logic gates between stages, 
and it combines the advantage of the 
sensitivity of base triggering and the 
trigger amplitude variation of collec- 
tor triggering. By returning the bias 
resistor to the collector, the bias vol- 
tage is V.,. For the conducting transis- 
tor, V., is much less than for the “off” 
transistor and. therefore, the trigger 
pulse is directed to the conducting 
transistor. An additional advantage of 
this type of triggering is that it is not 
necessary at any instant during the 
timer operation for the input 400-cycle 
clock pulse source to drive more than 
one unit at any one time, whereas, us- 
ing a conventiow.] design, we must ex- 
pect that at some time during the 
timer operation the clock pulse must 
drive all of the flip-flops to their op- 
posite state, thereby placing a large 
power requirement on the clock-pulse 
source. 

The commutating capacitor is not 
needed for the 400-cycle operation. It 
is, however, required in order to reduce 
the a-c load unbalance due to the stray, 
wiring and cable capacitance. Input 
capacity is shunted across a large re- 
sistance, the “off” transistor, which 
increases the charging time constant. 
It is, therefore, necessary to shunt the 
collector-to-base resistors with a small 
capacitance. If the compensating cap- 
acitances are large enough to provide 
compensation when the Miller effect* 
is operative, the attenuator will be over- 


* The Miller effect is the effect of amplification on 
the input capacitance 


compensated when the transistor is 
cut off. This is acceptable because an 
abrupt response to a voltage change at 
the base, rather than a waveshape, is 
desired. 

A positive-going signal, required to 
trigger the flip-flop, causes the flip-flop 
to complement itself (as shown in Fig. 
4). Since only a pulse of voltage is 
required to cause the flip-flop to change 
state, a l-uf capacitor is put in 
series with the complementing voltage. 
The diodes are used to isolate point 
A from point 8 during normal counter 
operation. The 10-k resistor is used to 
allow the }-uf capacitor to discharge 
after the pulse of yoltage is received, 
in such a way that the eomplementing 
reset circuitry is thereby enabled to 
complement the counter state again at 
some future time. The time between 
actuations of relay K, should be in the 
order of four to five time constants of 
the input capacitor and shunt resist- 
ance. This time constant, with the cir- 
cuit values used, is in the order of 0.05 
sec. 

Conclusions. The device described re- 
quires approximately 70 per cent fewer 
components than conventional devicest 
for adding and subtracting, and thus 
permits a significant decrease in the 
weight and size of the package. Be- 
cause the unit is relatively insensitive 
to temperature and vibration, and be- 
cause it has the same accuracy and re- 
solution as the frequency source when 
counting either up or down, the advan- 
tages for missile timing and program- 
ming applications, as. well as industrial 
uses requiring accurately measured 
time intervals, are obvious. 

During extensive bench and temper- 
ature environmental tests, no malfunc- 
tions of the counting circuitry or of 
the complementing circuitry were ob- 
served. This would indicate that the de 
vice is of relatively high reliability al- 
though in this present design there was 
no redundant circuit operation, because 
it was the object of this investigation to 
determine whether such a counter can 
be implemented with a minimum num- 
ber of parts and low power consump- 
tion. O00 


1 This comparison is made with general-purpose de 
vices. 


Miniature Circuit Breaker Has 


Open-Circuit Indicator 


REMOTELY-RESET circuit breaker is con- 
tained in a glass envelope 114 in. long 
with 14-in. diam (Fig. 1). When cur- 
rent exceeds the rating of the device, 
a bimetallic strip opens the circuit. 
Interruption of the circuit places a 
filament in series with the load (Fig. 
2). Approximately 200 ma is then 
drawn by the filament, sufficient cur- 


rent to illuminate the filament and also 
provide enough heat to maintain the 
breaker in its tripped state. Reset is 
accomplished by interrupting the cir- 
cuit for approximately one minute, 
which extinguishes the filament and 
allows the bimetallic strip to close the 
internal contacts. 

(Continued on page 132) 
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0-325 VOLTS OC 
AT 600 ma. in 1 oe 


TWICE AS MUCH POWER IN THE SAME RACK SPACE 


POWER SUPPLY 


VOLTAGE REGULATED 


New VOLTAGE REGULATED POWER SUPPLIES (from Kepco) 
combine the best features of transistor and vacuum tube circuit 
design: Transistorized control amplifier and reference circuitry 
for optimum regulation characteristics, stability, long life and 
compactness; Vacuum Tube series pass elements for reliable 
high voltage operation. 


HB GROUP—0O.1% and 0.01% REGULATION 


Maximum Component Accessibility: 

Modular control unit, resistor board 

INE Onis Max MAX. wy DMENSIONS construction, series pass tubes 

On RAK 105-125 conveniently located at the rear of 
or OV 1KG 1o0Kc the unit. Provision for remote out- 


0-325 | 0-02 | <01 [02 | <01 | 3m. | 40 | 40 | 19 |3% | 14% | $265.00] put voltage control at 100 ohms 
ee tee tet te Hee eee per volt and remote DC ON-OFF 
| HB-6 | 0-325 | 0-06 |<01 [02 |<01 | 3M. | 10 | 10 | 19° | 3%" | 14%” |$365.00, Seon posed sa se aie = 
| HB-20 | 0-325 | 0-02 | <001/0.02|<001 | 1Mv.| 04 | 04 | 19° | 3%" | 14%” [$465.00] ture can be series connected for 
| HB-40 | 0-325 | 0-04 | <001/ 002] <001 | 1Mv.| 02 | 02 | 19° | 3%" | 14%” | $520.00] 13 V AC at 6 amps. or paralleled 
| HB-60 | 0-325 | 0-06 | <00i| 002] <O01 | 1Mv.| 0.1 | 0.1 | 19° | 3%" | 14%" [$565.00] for 65 V AC at 12 amps. 


* Meters optional. To i 
STABILITY: (for 8 hours) 0.2% or 0.2 volts, whichever is greater, after 1 hour warmup, “CePth behind panel. units, add * CM to 7 


TEMPERATURE COEFFICIENT: <0.05% per °C. AMBIENT OPERATING TEMPERATURE: —20°C to +50°C. No. and $30.00 to price. 


For complete specifications, write for Brochure B-601 
a 131-34 SANFORD AVENUE * FLUSHING 55, N. Y. « IN 1-7000 * TWX # NY 4-5196 


JULY 1960 Circle 150 on Inquiry Cord 
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A product of Sylvania Lighting Prod- 
ucts, Dept. CB, 60 Boston St., Salem, 
Mass., the device is designated “Re- 
mote-Reset Mite-T-Breaker — Indicat- 
ing.” Operating voltages are 6 to 24 
volts a-c or d-c. Current rating is 1 to 
5 amp with circuit interruption occur- 
ring at double that current. At 78 F, 
tripping time is 5 to 40 sec or when 
the bimetallic strip reaches a tempera- 
ture of approximately 200 F. This fea- 
ture makes the circuit breaker applic- 
able to fire alarm systems in addition 
to protection of automotive electrical 
components, computers, etc. ooo 


Fig. 1 —Indicating circuit breaker in 
tripped condition with filament lit. 


Fig. 2— Diagram of indicating, remote- 
reset Mite-T-Breaker. 








Epoxy Resin Systems in 


High-Reliability Transformers 


LLOYD A. DIXON 
Hysot Corporation 
Olean, New York 


Epoxy RESIN SysTEMS have been de- 
veloped which make the production 
of —65 to +170 C_ high-reliability 
transformers feasible. Resin systems 
reported here are intended to meet the 
temperature requirements of MIL-T- 
27A for Grade 5, Class T (170 C). 

Precision transformers for military 
use must pass severe thermal shock, 
rigid vibration, moisture and electrical 
performance tests. A series of one- 
component, semi-rigid epoxy resin sys- 
tems has been developed to meet these 
design requirements. All phases of ma- 
terials, including high-temperature wire 
insulation, core, case, terminals and 
brackets, as well as insulating com- 
pounds, are also considered integral to 
the design problem. 

Screening tests indicated that any 
single insulating compound was not 
vptimum in all properties. A com- 
promise in properties therefore had to 
be made. Further data were obtained 
to establish a basis for such a com- 
promise. 

Testing indicated that a series of 
resins of various flexibilities should be 
developed so that there would be a 
choice of insulating material best suited 
for the transformer application, with 
reliability being the prime factor. 

One-component resin systems were 
developed in order to eliminate errors 
in mixing-ratios of two compounds of 
resin systems. One-component resins 
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can be thoroughly checked prior to use 
to insure reliability. The one-com- 
ponent epoxy resin series studied in 
this report is identified as Hysol 6700. 


Methods of Testing 


Test specimens, 4% x 4 x 4 in., were 
prepared by standard casting tech- 
niques for all resins of the series. Heat- 
aging tests were performed by expos- 
ing cast sheets in a forced convection 
oven for the specified time and tem- 
perature. Elevated-temperature  elec- 
trical values were determined on test 
sheets transferred from heat-aging oven 
to electrical-test oven. 

Each test was conducted in accord- 
ance with ASTM test methods when ap- 
plicable. Conventional General Radio 
test equipment was used to determine 
dielectric constant, loss factors, and 
volume resistivity. Inductance measure- 
ments were made on a Universal Im- 
pedance Bridge, Model 291 (1000 cps), 
Electro Measurements Company. 

Thermal shock test consisted of hold- 
ing the transformer at the prescribed 
top temperature for a specified time. 
Units were then cooled to room tem- 
perature and held for 15 min and 
cooled further to —55 C. The cycle 
was repeated five times. Exposure 
times varied with weight of the units; 
3-lb transformers and under had ex- 
posure times of 1 hr. Transformers 
were to show no leakage or other visi- 
ble damage. 

Tests for change of inductance due 
to encapsulation were made on a 


standard choke. Chokes were made 
from ten layers of 0.014, No. 2829, 
low-nickel steel with El laminations, 
butt-stacked and ungapped; 3000 turns 
of No. 42 heavy Class F insulated wire 
were used. This configuration was 
chosen to produce a strain-sensitive 
condition so that maximum changes 
due to resin effects could be detected 
Fifteen chokes were encapsulated in 
the various resin systems, three per 
resin. Three chokes were kept as a 
control and run through the cure cycle 
with the 15 encapsulated units. The 
cure cycle was 14 hr at 135 C. 


Test Data 


Figure 1 ‘shows the elongation of 
six resins. Number 6702 is rigid and 
6780 is the most flexible. Thermal shock 
data is presented using the standard 
3-lb transformer. The 50 per cent silica- 
filled compounds were chosen for ther 
mal shock testing since previous test- 
ing indicated that the filled systems 
generally have superior performance 
properties in encapsulated transform- 
ers than unfilled systems. 

The more rigid systems, 6710 and 
6720, failed the test by cracking on 
the cold cycles. No correlation between 
exact flexibility of epoxy resin systems 
and thermal shock is intended. Thermal 
shock in an encapsulated transformer 
is controlled by the combination of 
resin systems and transformer design. 

Figure 3 shows the dielectric con- 
stant measured at 100 and 100,000 
cps for the five resin systems, It should 
be noted that the more flexible the 
resin system, the higher the dielectric 
constant. 

Figure 5 shows volume resistivity in 
ohm-cm of the five resin systems as a 
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GUARDIAN 
Solenoids 


Preventing, the new GUARDIAN No. 32 D.C. Solenoid 


@ Long—slim—plenty of power within! 
Instantaneous strong thrust with lifts up to 8 
ounces intermittent, or 6 ounces continuous 
duty. Tested to 20 million operations in business 
machines, computers, data processing, and 
instrumentation applications where unerring, 
long life operation in minimum space is 
imperative. We invite you to test this Guardian 
No. 32 Solenoid. Arrange for delivery of a 
production sample. 


No. 22 D.C. 
Size only 4%" x 4%" x 1%". 
Stroke '%” to 5%". Lifts up to 24 oz. 
Intermittent or continuous duty 


LARGE SELECTIONS of Guardian Solenoids are carried in stock 
by Franchised Electronic Parts Distributors in the U. S. and Canada. 


Soak SF Sk Sy 


sal 2&4 5 


No. 24 
Size 14%" x 1’ x 1%". 
Stroke 1%" to 54”. Lifts over 19 oz. 


Intermittent or continuous duty. 


Size: “2” max. diameter—3%" long. 

Stroke: Up to %«” push or pull types. 

Lift: Up to 8 oz., intermittent duty; 6 oz., continuous duty. 
Duty: Intermittent or Continuous. 

Voltages: 6 to 110 volts D.C. 

Power: 3 watts continuous duty; 6 watts intermittent duty. 
Terminals: Plug-in or lead type 

Enclosure: Steel shell. 

Mounting: 4-28 Threaded bushing. 


Life: Tested to 20,000,000 cycles. 


A.C. 


No. 28 A.C. or D.C. 
Size only 114" x 1” x 154”. Stroke 1,” 
to 14". Lifts over 41 oz. Intermittent or 
continuous duty. 


Write for Guardian Solenoid Bulletin GS-1 


GUARDIAN W§ ELECTRIC 


MANUFACTURING COMPANY 
1552-H W. CARROLL AVENUE, CHICAGO 7, ILLINOIS 


JULY 1960 Circle 151 on Inquiry Card 
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function of temperature. Resin systems 
6710 through 6760 were heat-aged 500 
hr at 175 C to show volume resistivity 
after aging for the various systems. 
Number 6780-105 was aged 1000 hr 
at 150 C. Volume resistivity at any 
fixed temperature is highest for the 
more rigid system 6710, and decreases 
as flexibility increases. Volume resis- 
tivity decreases as temperature in- 
creases for all systems. 

Thermal stability of three resin sys- 
tems shows that 6701-105 is the most 
rigid member of the 6700 series and 
has the best thermal stability; weight 
loss is less than 2 per cent after 2000 
hr at 175 C. Numbers 6740-105 and 
6760-105 show good thermal stability 
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Fig. 2 — Dielectric constant at 25 C for 6700-series resins. 


Fig. 4—- Change of inductance in a 
standard choke by encapsulation. 
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for the test periods of 2000 and 1000 
hr, respectively, at 175 C. 

Figure 4 shows the change of in- 
ductance of a standard choke after 
encapsulation in the various resin sys- 
tems. Chokes which were not encap- 
sulated (controls) showed a 5 per 
cent average change in inductance 
values when they were subjected to 
the same curing time and temperature 
as the encapsulated units. 

All changes in encapsulated units 
were decreases. The most rigid filled 
resin, 6710-105, showed the maximum 
change in inductance. The most flex- 
ible of the filled resins showed less 
change. 

The unfilled resin 6760 showed the 
same change as the control chokes. 
Unfilled resin has higher elongation 
than filled resin, as shown in Fig. 1. 
Minimum change in inductance can be 
expected with unfilled flexible versions 


of the 6700 resin series. 


»> 


6710 


Interpretation of Data Relative 
to Transformers 


The previous data indicate that op- 
timum mechanical, thermal and elec- 
trical values do not occur in the same 
system. Compromises must be made. 
Thermal shock resistance is best met 
by flexible resin systems and maximum 
electrical performance by the more 
rigid compounds. Optimum choice of 
resin system depends somewhat on 
transformer design. 


Applications 


Successful insulation-system applica- 
tions include the following: 


@ Insulation system: 


Hysol 6710 (vacuum 
method } 
Hysol 6740-105 


Impregnation 


Encapsulation 


Typical transformer specifications 
MIL-T-27A, Grade 5, Class T 
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Volume resistivity vs temperature for 6700-series resins. 
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At Bogue Electric Mig. Co.... 


where 
stability 
is 


vital 


In the high cycle motor generators produced by 
the Bogue Electric Mfg. Co., the stability of the 
thermal relay is a vital operating factor. That is 
why Bogue design engineers selected G-V Red/ 
Line Thermal Timing Relays over all others to delay 
the operation of the water pressure protective 
circuit while water pressure is built up in the cool- 
ing coils during starting of the motor generator. 
The Timing Relay then inserts the protective cir- 
cuit and thus dangerous extremes of heat are 
avoided, insuring the efficient performance of the 
generators. So, at Bogue the high quality of 
G-V Timing Relays is ‘‘paying off’. 


/ 
a SS Freee Tae 


More and more companies are finding the 
reliable performance of G-V Red/Line Timing 
Relays makes them best for their products. 
G-V Red/Line Relays will ‘“‘pay off’ in your 
product, too. Your customers appreciate the 
importance of high quality, reliable compo- 
nents. G-V Red/Line Timing Relays are spe- 
cially designed for industrial applications. 
They have the precision, reliability and long 
life needed to “‘pay off’’ in industrial use. 


Your G-V distributor has them in j 
stock now. Call him or write 
for Bulletin 131 today. 
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2 lb 
grain-oriented steel 
bonded “C” core 


Weight 


Core 


Ambient 

temperature 135 
Rise 35 
Life 

expectancy 2,500 hr 

The cured impregnated transformer 
is placed in a split metal mold. The 
transformer is vacuum cast and cured 
in mold. Cure cycle is 3 hr, 130 C. 
plus 12 hr at 150 C. 

In the above transformer, 6710 resin 
was chosen for impregnation because 
of its handling properties and excellent 


high-temperature electrical properties. 
The encapsulating compound 6740-105 
was chosen to pass thermal shock and 
operate in an ambient temperature of 
140 C. 


@ Insulation System: 


Impregnation—Hysol 6710 (vacuum 
method ) 


Encapsulation—Hysol 6760-105 


Typical transformer specifications 
MIL-T-27A, 
Weight 
Core 


Grade 5, Class T 
1.5 lb 
El, grain-oriented 
steel, sharp edges 
on core 
Ambient 
temperature 
Rise 
Life 
expectancy 


1d C 
3 C 


2,500 hr 


In the above type of transformer, 
6710 resin was chosen for impregna- 
tion for its high-temperature electrical 


Oscilloscope with Digital Readout 


HIGH-FREQUENCY OSCILLOSCOPE, . with 
direct numerical readout of x- and y- 
axis values, may be easily read with a 
high degree of repeatability. The sim- 
plicity of operation allows unskilled 
personnel to take accurate readings for 
production and test, once the oscillo- 
scope has been set up. No dial multi- 
plication, parallax correction, or inter- 
polation of waveform patterns is re- 
quired. In more complex laboratory 
applications, considerable time is 
saved by the ease with which accurate 
waveform analysis may be made. 
The key to obtaining the highly re- 
peatable readings is the two display 
dots on the face of the cathode-ray 


tube. The operator positions one dot 
(the index) on the portion of the trace 
which is to serve as a reference. The 
thumb wheels at the top of the front 
panel are then used to locate the sec- 
ond (scaling) dot on the portion of 
the waveform where the reading is to 
be made; when the scaling dot is 
properly oriented, waveform amplitude 
and time are indicated by the num- 
bers adjacent to the thumb wheels 
(Fig. 1). 

Another feature is the 
provision for reading rise time: when 
a pushbutton is depressed, the index- 
ing dot is displaced upward ten per 
cent of the total trace amplitude and 


ingenious 


Fig. 1 


properties. Number 6760-105 was 
chosen for encapsulation to take ad- 
vantage of excellent thermal shock 
properties. The sharp edges on the El 
lamination core require the added 
flexibility of 6760-105 over 6740-105. 
This transformer passed the require- 


ments of MIL-T-27A, Grade 5, Class T. 
Oooo 


References 

MIL-T-27A—Transformers 

MIL-1-16923—Insulating Compounds, Elec- 
trical, Embedding 

L-P-406—Plastics, Organic, General Speci 
fication Test Methods 

MIL-STD-202 

“Evaluation Tests for Epoxy Casting Sys 
tems,” Mark V. Goodyear, James P. 
Hornburg, Exvecrrica MANUFACTURING, 
September 1957. 


and Inductors 


Inductance Testing: Wahlgren Magnetics, 
Division of Marshall Industries, Monro- 
via, Calif 


the scaling dot is displaced downward 


ten per cent. Since the original set- 
tings are undisturbed by this momen- 
tary displacement, rise-time readings 
made. 

Model 425 oscilloscope, designed by 
Allen B. Du Mont Laboratories, Inc., 
Clifton, N. J., provides a digital out- 
put and is intended to serve as a read- 
in device for a printer, digital com- 
puter, or process-control system. A 
voltage which is directly proportional 


to the oscilloscope 


may be readily 


readings is also 
available, and may be used as an input 
to an x-y plotter or analog computer 
Useful frequency range of the in 
strument is from d-c to 60 mc, down 
3 db at 35 me. The six 
“front-end” plug-in units 
available are shown in Fig. 2. 


separate 


presently 
ooc 


- Sign, multiplier, and decimal place are indicated by 


jamps above and below the thumb wheels of this “human-engi- 
neered” oscilloscope. Indicated reading, with respect to the 


index dot, is 


<a 


0.123 volts and 21.9 millisec. 


Fig. 2— Interchangeable plug-in units offered include (left to 
right) y-axis preamplifier, y-axis test chassis, dual trace, delaying 
sweep, x-axis input, and power access unit. 
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NOW MAKE ! 
YOUR OWN a 


connection technique for semi- 
conductor networks, this 
working full adder occupies 


EVALUATION ce aD 








SOLID GIRCUIT* 


semiconductor networks 


Make your own evaluation today of Solid Circuit semi- 
conductor networks from Texas Instruments. Available 
for immediate application, semiconductor networks inte- 
grate resistor, capacitor, diode, and transistor functions 
into single-crystal semiconductor material. 


You get improved reliability through the elimination of 
individual components...element interconnections are 
reduced as much as 80% ...size and weight are drasti- 
cally reduced and power consumption is minimized. 


To design more sophisticated systems in the same space 
and to increase your system reliability, evaluate the 100:1 
miniaturization potential of semiconductor networks. TI 
Type 502 Solid Circuit networks are available now for 
your evaluation. T] engineers are ready now to design 
Solid Circuit networks to meet your missile, satellite, space 
vehicle, or other micro-electronic specifications. 


Ti Type 502 silicon SOLID CIRCUIT network is intended for binary 
counter, flip-flop, or shift register applications. Maximum repetition 
rate of 200 kc. Hermetic sealed package. Write for bulletin TI type 502. 


+ 
OUTPUT 2 she OUTPUT 1 


INPUT GND 


4 EQUAL SPACES EACH 0.047 


gece 


Contact your nearest TI Sales Engineer today! 
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DESIGN Trends 


Mass-Produced Connector 


Designed for Reliability 


HERBERT E. RUEHLEMANN 
Vice-President, Engineering & Production 
Exico Corporation 

Philadelphia, Pennsylvania 


THE MODULAR CONSTRUCTION of mod- 
ern complex equipment is imposing 
severe requirements for connector re- 
liability, since connectors must be em- 
ployed for joining mass-produced sub- 
assemblies. The connector contact may 
be classified as semi-permanent and 
static, and functions by pressure. The 
connector may be engaged and disen- 
gaged frequently, infrequently or only 
for purposes of testing and mainten- 
ance. Joints between the connector con- 
tacts and the circuit elements may be 


Fig. 1—A typical pair of Varicon con- 
tacts, showing long sliding contact action. 
‘The basic design of these Varicon contacts 
was developed and various sizes and forms 
ere manufactured by Eleco Corporation. 


considered “permanent”, and are made 
by pressure or soldering, or both. 

Connector Requirements. Reliability 
is primary; a probability of failure of 
one in 10° or more is a necessity. An 
average of 10,000 connections for each 
piece of equipment is very common, 
and computers with a million or more 
are not uncommon. A contact failure 
rate of one in a thousand would make 
such equipment unusable. Flexibility 
is necessary; a basic design connector 
must be suitable for various wiring 
techniques in use, and permit connec- 
tions in various directions with a vary- 
ing number of contacts. A connector 
design must be producible by mass pro- 
duction methods, to yield the necessary 
large quantities of reliable connectors 
at low cost. Miniaturization must be 
possible. Compact modules, the need 
to minimize inter-circuit effects and the 
size and weight limitations for airborne 
and portable equipment all impose size- 
reducing demands on all components 
including connectors. 

The Varicon Connector. The principle 
of the mating contacts for this con- 
nector is shown in Fig. 1. The contact 
is made by high-production stamping 
techniques in progressive dies. Four 
mating contact areas are made by coin- 
ing, which creates a clean and hard 
contact surface and so minimizes con- 
tact wear. The four contact areas at 
90 deg to each other are electrically 
in parallel. A low contact resistance of 
less than 0.002 ohm is therefore ob- 
tained and stays constant for more than 
5000 insertions and withdrawals, due 
to the hard and clean contact surface. 

The sliding action acts to break down 
any surface contamination. The di- 
mensions of the coined surface areas 
are closely controlled during produc- 
tion by continuously checking the 
withdrawal and insertion forces. For 
an unplated contact, the average with- 


»>> 


Fig. 2— Connector withdrawal forces for various platings and 
numbers of cycles. Curve A is silver plating against silver 
plating, Curve B is silver plating with gold flash against silver 
plating with gold flash, Curve C is silver plating with gold flash 
against nickel plating, gold flash, and Curve D nickel plating, 


gold flash against nickel plating, gold flash. 
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drawal force is kept at 3 oz, correspond- 
ing to a 15 oz contact pressure, far 
above the minimum required to break 
down surface contamination, A mated 
contact pair under static conditions at 
15 oz contact pressure cannot normally 
develop oxidation of the contact area 
in any normal environment. 

The type of plating has a significant 
influence on the insertion and with- 
drawal force but not on contact re- 
sistance. Figure 2 shows withdrawal 
forces for various platings. If 0.0002- 
in. silver plating is used for both mat- 
ing contacts, the withdrawal force is 
at first high, increases during the first 
20 to 50 insertions, and then levels off. 
This is due to the galling effect, un- 
avoidable with silver, because it is a 
soft material. On the other hand, being 
a soft material, silver develops at 15 
oz contact pressure a slightly increased 
metallic contact area, which results in 
low contact resistance. After thousands 
of insertions, the silver is not worn off 
but its peaks and valleys are smoothed 
out, further decreasing contact resist- 
ance, With hard gold plating of 20 to 
30 millionths of an inch on top of the 
silver, the galling effect of the silver 
can be minimized. Lower and more 
constant withdrawal forces over 5000 
cycles are then obtained, and the con- 
tact resistance is not affected. 

A significant decrease in withdrawal 
force can be obtained if one or both 
mating contacts is nickel-plated in- 
stead of silver-plated, with gold plating 
on top. The hard nickel base prevents 
galling almost completely, even if used 
on only one of the mating contacts. 
Contact resistance, however, is slightly 
increased to 0.003 ohm, mainly the re- 
sult of decrease in overall metallic con- 
tact area. Even this higher contact-re- 
sistance value stays constant during 
the life of the contact, because the 
average metallic contact area is nearly 
constant under the high contact pres- 
sure of four large sliding contact areas 
in parallel. In nearly all electrical ap- 
plications, it is unimportant whether 
the contact resistance is 0.002 or 0.003 
ohm; of greater importance is the re- 
sistance stability throughout the life 
of the equipment, whether exposed to 
many insertions and withdrawals or 





cycles 
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Breakers 


to order 


Who else but Heinemann can give you circuit breakers, single-pole or multi-pole, 
in any integral or fractional current rating you need- (from 0.010 to 200 amps) 

with a choice of several time-delay ranges (or instantaneous-trip action)? 
Who else can offer you these advantages in a line of breakers from subminiature 
size on up? Who else, as a matter of fact, can guarantee the kind of temperature- 
stable, derating-free performance that only hydraulic-magnetic actuation provides? 
It might just be that we can make you a breaker precisely suited to that tricky 
job you're working on. Our Circuit Breaker Engineering Guide, Bulletin 201, 
will give you specs and stuff, and may suggest some possibilities. Heinemann 


Electric Company Plum Street, Trenton 2, New Jersey. 
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connected just once and not touched 
again for years. 

The quality of a contact can best 
be judged if its contact resistance is 
measured as a function of the load, 
Fig. 3. Voltage drop as a function of 
the current is compared for three 
typical contacts. One is the “tuning- 
fork” contact, which is made by simple 
stamping. Its contact points are rela- 


nfhee 


> “Tuning fork” contact 
— tm Ribbon contact 
-—ss> Vericon contact 


Volfage, mv 


Current, amp 


Fig. 3 — Voltage drop as function of cur- 
rent for various common contact forms. 
In all cases, the plating is 0.0002 in. silver 
under 0.000015 gold as a standard finish. 


Fig. 4—High-density packaging using 
printed-cireuit Varicon connectors, used 
in Philco’s Model 2000 computer. 
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tively rough because they are obtained 
by punching, in most cases refined by 
additional shaving and tumbling. The 
second contact is a typical ribbon con- 
tact, which is produced in multislide 
or progressive dies. Its two contact 
points are as good as the surface of 
the rolled material; contact pressure 
and metallic contact area are normally 
low. The third contact compared in 
Fig. 3 is the fork-like Varicon contact. 

At current ratings of 20 ma and 
above, the behavior of all three con- 
tacts is very much alike. The voltage 
drop at high current is sufficient to 
break down thin oxide films and to 
establish a contact area large enough 
for low and nearly constant resistance. 
At lower current ratings, the Varicon 
contact is significantly superior. Its 
contact pressure is always high enough 
to create a sufficiently large metallic 
contact area, with a constant contact 
resistance down to the lowest currents. 

The Varicon contacts have legs which 
can be staked to the printed-circuit 
conductors of the module and mother 
boards by shearing about 0.009 in. off 
each side of the leg and pressing the 
sheared-off portions of the contact 
against the copper lines. This creates a 
mechanical bond and establishes two 
highly reliable pressure connections 
for each contact leg. Dip-soldering the 
board adds an independent connection 
between contact and board conductor. 

With the new Varicon connector, the 
designer of printed-circuit equipment 
has full freedom to choose the number 
of contacts, contact spacing and their 
pattern, the type of board material and 
thickness, the angle of connecting two 
boards together and other factors. 

A few illustrations demonstrate the 
flexibility of this connector family. Fig- 
ure 4 shows a large mother board used 
in a computer, with 2,878 stand-off 
Varicon contacts staked and soldered 
to the double-sided printed circuitry 
of the board. Three rows of module 
boards with varying numbers of con- 
tacts in various patterns are plugged 
at right angles into the mother board. 
A highly reliable packaging density 
with full freedom in positioning the 
connections has been achieved in this 
design. Devices of this nature are com- 
mon and many variations on them have 
been developed. Freedom in selecting 
contact-number and location has per- 
mitted the most economical design for 
a specific piece; there is no restriction 
on where to place what connector. This 
freedom in design is shown in Fig. 5, 
where the contacts are placed in an 
are. 

These contacts are not limited to 
printed-circuit applications. High-den- 
sity rack-and-panel connectors such as 
the 100-contact connector of Fig. 6 
are also made. 


Fig. 5— Are-shaped Varicon connector. 
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Fig. 6-— High-density panel connector 
with center actuating screw. 


Miniaturization. The high packaging 
density achieved with miniaturized com- 
ponents smaller connectors 
with closer and closer contact spac- 
ings. The same fork-like contact prin- 
ciple and its production method has 
been used to develop a microminiature 
contact series. Printed-circuit connec- 


requires 


Fig. 7—Microminiature printed-circuit 
Varicon connector and receptacle de- 
signed to new Signal Corps specifications. 
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PUTTING MAGNETICS TO WORK 


How to build a better (audio signal) trap! 


Magnetics Inc. permalloy powder cores give filter designers new attenuation 
and stability standards—and miniaturization to boot! 


The art of trapping unwanted frequencies has been 
advanced during the past year with a succession of im- 
provements in molybdenum permalloy powder cores by 
Magnetics Inc. Most audio filter designers now work 
with smaller cores, more stable cores and cores whose 
attenuation characteristics are ultra-sharp. Do you? 


Do you, for example, specify our 160-mu cores when 
space is a problem? With this higher inductance, you 
need at least 10 percent fewer turns for a given inductance 
than with the 125-mu core. What’s more, you can use 
heavier wire, and thus cut down d-c resistance. 


What about temperature stability? Our linear cores are 
used with polystyrene capacitors, cutting costs in half 
compared to temperature stabilized moly-permalloy cores 
with silvered mica capacitors. Yet frequency stability over 
a wide swing in ambient temperatures is increased! 


And what do you specify when you must rigidly define 
channel cut-offs, with sharp, permanent attenuation at 
channel crossovers? Our moly-permalloy cores have vir- 
tually no resistive component, so there is almost no core 
loss. The resultant high Q means sharp attenuation of 
blocked frequencies in high anc low band pass ranges. 


Why not write for complete information? Like all of our 
components, molybdenum permalloy powder cores are 
performance-guaranteed to standards unsurpassed in the 
industry. Magnetics Inc., Dept. EM-82, Butler, Pa. 


am 


MAGNETICS inc. 
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Gummer ee 


VISIT OUR BOOTH 521-522 AT THE WESCON SHOW 


JULY 1960 
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DESIGN Trends 


tors with 0.075 and 0.100 in. spacing 
in one row or 0.050 and 0.075 in. spac- 
ing in two rows are possible and have 


been made. A typical example of a 
connector with 31 contacts at 0.075 in. 
spacing in two rows is shown in Fig. 7. 
The contact arrangement 


nector is hermaphroditic, plug and re- 


in this con- 


ceptacle being alike. The spacing be- 
tween contacts is 0.150 in., the second 
row being offset 0.050 in. symmetrically 
to the center line, as outlined in the 


Dual-Headed Transistor Housed in 


JEDEC-30 Package 


Fig. 1 Multi-headed 
JEDEC-30 package. 


transistor in 


Fig. 2 double-headed unit 


with two independent transistors. 


Uneased 


Static Control Saved Design ‘‘Paperwork’’ 


IN CHOOSING BETWEEN relays and solid- 
state logic elements for a particular 
machine control system, comparative 
hardware costs are often the deciding 
factor. When design time, instruction 
manual preparation 
non-hardware expenses are considered, 
however, the break-even point can shift. 
This is especially true when the system 
under design is to be produced in too 
few numbers to amortize these expenses 
over very many units. 

An example is the static control sys- 
tem developed for the automatic super- 
finisher of Fig. 1—one of several built 
by the Gisholt Machine Company for 
an automotive manufacturer. In this 
particular case, cost was not the gov- 
erning criterion. Initial estimates 
showed the hardware costs for the static 
control system to be higher than for 
an equivalent control system. 
Nevertheless, the end customer was will- 
ing to pay a premium for the machines 
to be supplied with static controls. The 
final choice was to use static magnetic 
elements from the General Electric 
General Purpose Control Dept. mounted 
on a sliding panel, Fig. 2. 

As a result of this decision, several 


costs and other 


relay 


new Signal Corps specifications for 
microminiature printed-circuit connec- 
tors. This clearance 
between contacts and permits printed- 
circuit lines to pass between adjacent 
contacts, as is often required for back- 
O00 


gives maximum 


panel wiring. 


Source: Elco Corporation, “M” Street 
below Erie Ave., Philadelphia 24, Pa, 


MULTI-HEADED transistors (Fig. 1), 
are currently available from Electronic 
Transistors Corp., 9226 Hudson Blvd., 
North Bergen, N. J. Each unit in the 
package is entirely independent of the 
other (Fig. 2), presenting the circuit 
designer with an opportunity to take 
advantage of considerably increased 
component density as well as cost sav- 
ings, since prices of dual-headed units 
are 25 per cent less than the combined 
prices of individual units. Types pres- 
ently offered, two to a JEDEC-30 pack- 
age, are: 2N428, switching transistor; 
2N404, switching and computer appli- 
cations; 2N43, a-f amplifier; 2N302, 
high-frequency ; 2N482 through 2N484, 
high-frequency entertainment; 2N1372 
and 2N1374, general-purpose transis- 
tors. OoOo0°o 


Fig. 1 —Center-drive superfinisher with automatic loading/unloading and two-speed 
finishing of both sides of automotive transmission brake drums. Static-magnetic logic 
elements use limit-switch signals to direct machine through a 20-step sequence of 
operations in 24 sec per complete machine cycle. 


important secondary benefits accrued to 
the machine builder: 


© Design time was some 10 to 15 
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Dolyester Film Electrical T 
sticks on? both sides! 
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A New product 
of 3M Research! 


“SCOTCH” Brand Electrical Tape X-1115 


is coated on both sides to give you 
two sides of non-corrosive, pressure- 
sensitive, thermosetting adhesive—so 
tacky it sticks virtually anything to any- 
thing. A new way to eliminate insulation 
holding problems on the assembly 
line — no glue, ties, or mechanical 
fasteners needed. Write for complete 
information, including data on specially 
designed applicator to dispense and 
pressure-sensitize materials right on the 
line. Address: 3M Co., 900 Bush Ave., 
St. Paul 6, Minn., Dept. EAE-50. 


ScOoTCcH SA REGISTERED TRADEMARK OF THE 3m CO 
wesora \/fimine ano Affamuractrunine company 


«WHERE RESEARCH (5S THE KEY TO TOMORROW 


J senda antennas 


JULY 1960 Circle 156 on Inquiry Card 143 








ail 


cgedidia 
DESIGN Trends 
iT) Poe 
NS AL AA TT ET i 
; au 
per cent less than that estimated ' 
(from experience) for the design ee / ne | me 
of an equivalent relay control sys- wn 
tem. oT rl ‘a r 
e@ The need for an elaborate main- z . & . 
tenance instruction book was vir- : rts “ ~y ao 
tually eliminated. , : - 


The design time savings derived pri- a 


marily from the ease with which a verb- > ®. wy a Se Se Le 


al description of control logic functions . oa 
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ee Pecili 
behtbcbebeb ob? 1 | 


can be taken from an electrical target 
chart of the control sequence and trans- ‘a , r 
lated directly (using boolean algebra 
techniques, if system complexity war- 
rants, but which was not necessary in 
this case) into a logical circuit of aNnp, 
OR, NOT, TIME DELAY and MEMORY ele- 
ments. A special instruction book was 
not needed because each logic element 
carries a monitor light to indicate the 
“on” or “off” state of its output. The 
original electrical target chart was in- 
stead converted to a monitor-light check 
chart to double as a_ single-sheet 
trouble-shooting guide, Fig. 3. The 
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chock chest ts oll @ maintenance men Fig. 2— Static switching elements are mounted on a sliding panel that can be extended 
mite Ge: teenee: Gadi: Beatin od : to follow logic sequence visually. Each element carries full identification, including 
Wh , € 2 ay ee Gee. logic symbol on color-coded label. Monitor lamps (immediately below the numbers 
i -_ aaa res aos logic of each lettered row) indicate “on” or “off” state of each element output. 

diagram (aiso a single sheet), it pro- 


vides a complete description of the 
control and its operation. earlier relay-controlled machine of Acknowledgment 

Both the check chart and the logic similar complexity (including a multi- ~ ; 
; : oe ; The editors wish to thank Leonard F. 
diagram are essentially byproducts, as _ ple-page listing of step-by-step contact Hesse, Development Engineer, Gisholt Ma- 
they represent necessary steps in the actions) had cost Gisholt close to $2000 chine Company tae 9h CWiemedin 
design of the system. On the other over and above the design cost—and for suggesting this report and supplying 


hand, the instructions prepared for an _was difficult to follow, at best. OOO the essential design information 
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Fig. 3 — Corner fragments of monitor-lamp check chart which doubles as an electrical sequence chart of the 20 steps of machine 
operation. Left-hand column tells which limit switches operate to initiate the specific machine action. Right-hand column tells which 
solenoids are actuated at the completion of the step. Each horizontal row of X's tells which monitor lamps must be lighted for the 
required action to be performed. 
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COOL iis the word for General Electric NPN silicon 
transistors, Series 2N332 through 2N338. At 150 mw the 
junction temperature is 70°C at an ambient of 25°C. 
Compare this with the registered derating factor which 
calls for a junction temperature of 175°C. 






The “A” versions of these transistors dissipate 500 mw 
at 25°C, 83 mw at 150°C — all without a heat sink. 


When junction temperatures go down, reliability goes up. 
The wide safety factor you enjoy with General Electric 
silicon transistors means better performance and 
longer life than you may ever have seen achieved before 
in a similar device. See your G-E Semiconductor Sales 
Representative for complete details. 


On the shelf at your General Electric Distributor. 


GENERAL @@ ELECTRIC 
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ASSOCIATION Activities 


Call for Electron Devices 
Papers Made 


The final deadline for the submission of 
approximately 200-word abstracts of 
papers to be presented to the IRE Pro- 
fessional Group on Electron Devices is 
August 1, 1960. The annual technical 
meeting of the group will be held on 
October 27 and 28 at the Shoreham 
Hotel, Washington, D. C. Papers to be 
presented at the meeting should deal 
with applications or developments in 
the field of electron devices. 

Abstracts and four copies should be 
sent to H. W. Welch, Jr., Motorola, 
Inc., 8201 E. McDowell Rd., Scottsdale, 
Ariz. 


1959 NEC Proceedings Available 
15, 1959 National Electronics 
Conference Proceedings, is available. 
All technical papers and addresses de- 
livered at the conference are included. 
The 1089-page, cloth-bound volume is 
$15.00 from National Electronics Con- 
ference, Inc., Room 2104, 228 No. 
La Salle St., Chicago 1. 


Volume 


EIA President Elected 


L. Berkley Davis, vice president of Gen- 
eral Electric Co. and general manager 
of the company’s electronic component 
facilities, has been elected president of 
the Electronic Industries Association. 
He succeeds David R. Hull, vice pres- 


ident of Raytheon Co., Waltham, Mass., 
who was president in 1958 and 1959. 


NEMA Wire and Cable 
Chairman Named 


Vernon W. Heimberger has been elected 
first chairman of the newly organized 
Wire and Cable of the Na- 
tional Electrical Manufacturers Asso- 
He is manager, of electrical 
sales for the American Steel and Wire 
Div., United States Steel Corp. 

The sections of this new NEMA Di- 
vision are: Magnet Wire; High-Tem- 
perature Insulated Wire; Paper Power 
Cable; Rubber, Thermoplastic and 
Varnished Cable; Armored Cable, 
Building Wire and Flexible Cords. 
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on Non-Linear Magnetics and Mag- 
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General Electric silicon transistors are 
manufactured by the Fixed Bed Mount- 
ing process. All parts are firmly fastened 
to a ceramic disk, with no suspended 
parts. The transistor reacts as a solid 
block in resisting shock and vibration. 


G-E type 2N332 through 2N338 transistors (including “A” 
versions and USN versions) have been struck with a golf club, 
rattled 700 miles in a hub-cap, fired from a shotgun and shot 
from an artillery piece (40,000 G’s) — and still survived to 
operate! Call your G-E Semiconductor Sales Representative 
for full details. 


NR Sie ag 


Absolute Maximum Ratings 2N332-6* 2N337-8+ 2N332A-6A 
Collector to base voltage 45 Vcso 45 Vceo 45 Vcs 
Emitter to base voltage 1 Veo 1 Veeo 4Ve 
Collector current (Ic) 25 ma 20 ma 25 ma 


Collector dissipation 150 mw 125 mw 500 mw 
@ 25°C (Pc) 


Operating temperature (T)) 65 to 175°C 65 to 150°C —65 to 175°C 
*USN versions of all units except 2N332 hove QA per MIL-T-19500/37A. 
TUSN versions have GA per MIL-T-19500/69B8 
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Manufacturers of Styver-Ciad® industrial Batteries - PiastiCell* and PlastiCal® Batteries for Communications, Control, and 
Auxiliary Power + Producers of AutoReg® Silicon Chargers and AutoCal* Charger-Battery Combinations 
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Can a silicon rectifier 


solve your problem? 


It might, if you have a problem in DC power sources. For 
example, some time ago C & D needed a high efficiency, con- 
stant potential, current limiting DC power supply. Output 
had to be held within + 1% over an AC input variation of + 
15%. In addition, maintenance would have to be virtually nil. 

The answer was found by using a silicon rectifier in com- 
bination with simplified components that became the heart 
of C & D’s AutoReg® charger. AutoReg chargers provide 
continuous, automatic, unattended charging of industrial 
storage batteries. With the exception of a timing circuit 
there are no moving parts. There are no relays to adjust and 
practically no maintenance is required. 

Now, C & D has expanded facilities of the AutoReg plant 
to provide industry with similar DC sources, which incor- 
porate silicon rectifiers and automatic regulation. Final form 
of these units can supply power in a range from milliwatts to 
megawatts, depending upon your requirements. 

Companies with a problem in DC power sources should 
write, giving a general outline of their requirements, to: 
Vice President in Charge of Engineering 


AutoReg’ Power Sources 


re2ze0 HSEATTTERIEC S&S 
of Conshohocken, Se... ttica, Ind 


Orn THE £LECTHRIC AUTOLITE co 


Circle 159 on Inquiry Card 











Altec Lansing Corp. has announced 
the appointment of Alexis Badmaieff to 
chief engineer, acoustics-transducers. 
Mr. Badmaieff, formerly president of 
Ultra-Fidelity Labs., Inc., is a Fellow 
in the Audio Engineering Society and 
holder of patents in the fields of elec- 
tronics, acoustics, optics and mechanics. 


Edwin A. Sweo has been appointed 
manager of the Servo Engineering De- 
partment of Dalmo Victor Company’s 
Engineering Division in Belmont, Calif. 
He joined Dalmo Victor in 1956. 


Appointment of Arthur F. Eskelin as 
Pacific Regional manager for the In- 
dustrial Controls Section, Bendix Avia- 
tion Corporation, Detroit, has been an- 
nounced. He will be in charge of sales 
and applications of numerical control 
systems for machine tools in the area. 
Mr. Eskelin was formerly research en- 
gineer at the Northrop Corporation. 


David L. Douglas has been appointed 
to the newly created position of man- 
ager of fuel-cell engineering for Gen- 
eral Electric’s Aircraft Accessory Tur- 
bine Department, Lynn, Mass. Dr. 
Douglas formerly served as a physical 
chemist with General Electric’s Re- 
search Laboratory in Schenectady, 


N. Y. 


Ronald GC. Davis has been named 
senior design engineer by International 
Resistance Co., Philadelphia. He was 
formerly a design engineer with the 
Electronics Division of Curtiss-Wright 
Corp., Carlstadt, N. J. 


Donald F. Davern, formerly manager 
of planning at the Hughes Tucson, 
Ariz., missile manufacturing plant, has 
been named project manager of in- 
dustrial control systems. He will direct 
development, manufacturing and mar- 
keting of numerically controlled indus- 
trial systems. 
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Before any lot of G-E silicon transistors may be delivered, a representative 
number of units are selected for each of the four restrictive life tests. These tests 
include operation at maximum power at 25°C ambient, operation at high 
temperatures and peak ratings, storage at 200°C, and shelf life at 25°C—all tests 
for 1000 hours. If the sample fails any one of these tests, the lot cannot be shipped. 


Only General Electric silicon transistors (Series 2N332-2N338, 
including “A’”’ and USN versions) are subjected to such 
rigorous restrictive testing. And we keep them pure inside — 
no grease or surface contaminants that degrade performance 
are permitted to enter. Write for a full report on the 
restrictive tests which G-E silicon transistors must pass 
before they’re shipped to you. Section 52070, General 
Electric Co., Semiconductor Products Dept., 

Electronics Park, Syracuse, N. Y. 

At factory-low prices from your General Electric Distributor. 
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supplies ... whether in the lab or on 
the launching pad...is only as ac- 
curate as the instruments you read. 

Precision built by Helipot Divi- 
sion, BECKMAN Expanded Scale Volt- 
meters always tell the truth. The 
critical voltage range — the one you 
want to know the most about —is 
expanded across the entire arc of a 
fully linear scale, thus eliminating 
unnecessary and unusable calibra- 
tions. 

Resolution of a typical 110 —120v 
AC meter is one-tenth volt; combine 
that resolution with +0.3% accuracy, 
and you have an instrument that 
will perform like a highly special- 
ized bench model... yet is fully rug- 
gedixed and sealed, ready for the 
most demanding application. And 
this meter doesn’t care what shape 
the waveform is in. Be it square, 
zig-zag, or what-have-you... this 
meter always reads direct rms. Noth- 
ing average here—not even the sens- 
ing device! 

BECKMAN Expanded Scale Meters 
come in a variety of shapes, sizes, 
and ranges ...including AC and DC 
voltmeters, frequency meters and 
linear scale ammeters. Each is avail- 
able in both commercial and military 
models ...and delivery is superb: 30 
days on standard models, 60 days on 
specials 


For the whole truth about your 
power supply, use secxman Ex- 
panded Scale Meters. For the whole 
truth about secxmanx Expanded Scale 
Meters ...send for Data File. 


Beckman’ 


Helipot® 


POTS : MOTORS : METERS ite 
Helipot Division of (2 
Beckman Instruments, Inc. ot 
Fullerton, California Os 
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North Electric Company, Galion, Ohio, 
telecommunications and automatic con- 
trol manufacturer, has acquired control 
of Power Equipment Company, also of 
Galion. Power Equipment is a producer 
of power supplies for computers and 
other electronic-electrical systems. 
Power Equipment Company was or- 
ganized in 1935 in Detroit, Michigan, 
and later moved to Galion; a research 
and Development Laboratory is located 
in Columbus, Ohio. 


Ingersoll Products Division of Borg- 
Warner Corporation, Chicago, has a 
quired the Elgin Metalformers Corpora- 
tion of Elgin, Illinois. The Elgin com- 
pany is a supplier of metal modular- 
type enclosures to the electronics and 
communications industries 


Electralab Printed Electronics Corpora- 
tion, Needham Heights, Mass., has a 
quired the assets and business of Mini- 
tron, Inc., Encinitas, Calif., printed-cir- 
cuits manufacturer. The Minitron oper- 
ation will be merged with EPEC, 
printed-circuits subsidiary of Farrington 
Manufacturing Co., Needham Heights, 
Mass. 


Hitemp Wires, Inc., Westbury, N. Y., 
a producer of high-temperature insul 
ated wires, cables and cable assemblies, 
has increased its production capacity 
25 per cent with the opening of an inte- 
grated manufacturing facility in Mon 
rovia, California. The new plant is 
operated by WHitemp, Inc., a newly 
formed, wholly owned subsidiary of the 


company 


Emerson Radio G Phonograph Corpo- 
ration, New Jersey, has announced that 
a new and wholly-owned subsidiary has 
been organized and has acquired Emer- 
son’s government and industrial elec- 
tronics business. The new company is 
named Emertron, Inc. The Emertron a 
quisition includes Emerson Research 
Laboratories at Silver Spring, Md. and 
Washington, D. C.; Emerson's Field 
Service Engineering Operations; and 
Emerson’s Engineering and Manufa 
turing Facilities at Jersey City, N. J. 


Purchase of the assets of Electro Con- 
tacts, Inc., Osterville, Mass., is an- 
nounced by Electro Switch Corporation, 
Weymouth, Mass. Electro Contacts will 
continue in Osterville, operating as the 
Electro Contacts Division of Electro 
Switch. The products of the new divi- 
sion are telemetering switches, brush 
blocks, commutators and slip-ring as- 
semblies. 
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The performance of General Electric’s silicon transistors is sensational: 

Fixed Bed Mounting provides the most rugged construction 
eveloped lor transistors. 

By operating at a low junction temperature, reliability and 

stability are inherently increased. 

Beta hold ip at low current is superior. 

The “A” versions offer a 4V emitter-to-base breakdown and a 

45V collector-to-emitter breakdown. 

Kvery lot of transistors is subjected to four ty pes ol 

restrictive life tests. 

USN versions are available in the Series 2N333 through 2N338. 


Units tested to 5000 hours have shown an overall performance 
rate greater than 99 per cent. 


Send for the complete specifications and test data and prove to yourself 
how G.E.’s silicon transistors will do a sensational job in your design 
Section $2070,General Electric Company, Semiconductor Products Dept., 
Electronics Park, Syracuse, N. Y. 
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Big or small 


Complex or simple 
Stock molds or special 
Black or colors 


No matter what your power supply 
cord requirements, Royal's engineering 
and production facilities are ready to 
solve them... with experimental molds, 
sample runs, and full production quan- 
tities to meet assembly schedules. Write 
for details. 


ROYAL ELECTRIC CORPORATION 
PAWTUCKET - RHODE ISLAND 
in California: 
Electric Cords & Supply Corp., 
413 E. 3rd St., Los Angeles 13 
in Caneda: 
Royal Electric Compony (Quebec) Ltd., 
Pointe Claire, Quebec 
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BOOK Reviews 





Edited by Auice Mary Hinton, Associate Editor 


Dover Publications 
For Engineers 


Publishers not primarily associated with 
technical books have been publishing 
an astounding variety of technical and 
scientific books lately. Some of these 
books are classics, some are new trea- 
tises, some are highly technical, and 
some are written for the intelligent 
layman. We believe that Dover Pub- 
lications has published a series of ex- 
cellent books, well produced and clear- 
ly printed, in inexpensive paperback 
editions. Engineers who find it more 
necessary than ever before to catch up 
and keep up to date with scientific re- 
search and the basic principles upon 
which their own work is based, will dis- 
cover a real treasure-trove among the 
quality paper-back editions. We shall 
give brief reviews of what is only a 
small sample of the books electrical 
engineers will find valuable. 


@ A Course in Mathematical Anal- 
ysis, by Edouard Goursat, translated by 
E. R. Hedrick and Otto Dunkel, covers 
derivatives and differentials, definite 
integrals, expansion in series, and ap- 
plications to geometry (Vol. I. S554, 
$2.25); functions of a complex vari- 
able (Vol. Il, Part One, S555, $1.65), 
and differential equations (Vol. II, 
Part Two, S556, $1.65). This is a com- 
prehensive and excellent work — a 
classic — as valuable now as it was 
more than half a century ago when the 
author wrote it based upon the ma- 
terial given in his course at the Univer- 
sity of Paris. Problems solved in de- 
tail, and other supplementary material, 
are set in smaller type, and each chap- 
ter is followed by examples, most of 
which have been used in examinations. 


@ An Elementary Treatise on Four- 
ier’s Series, by William Elwood Byerly 
(S536, $1.75), was republished by 
Dover — unabridged and unaltered, so 
the statement on the copyright page 
assures us — 66 years after its original 
publication. Its venerable age does not 
detract from its usefulness to the mod- 
ern engineer. The treatment is basic 
and more concise in form than we have 
found available elsewhere; the author 
—who must have been a great teacher— 
presents lucidly and in well-organized 
fashion a great deal of material that is 
so often “assumed” — in our opinion, 
an unwarranted assumption — in other 
studies of the subject. The appendix 
includes tables of surface zonal harm- 
onics, hyperbolic functions, roots of 


Bessel’s functions, roots of J,(x) == 0, 
and Bessel’s functions. This book, with 
its clear presentation of fundamental 
methods, we are willing to wager will 
serve as a reference work for a greater 
number of years in the future than the 
number of years it has served in the 
past. 


@ Tensors for Circuits, by Gabriel 
Kron (S534, $1.85), is a corrected and 
unabridged republication of the work 
first published under the title, A Short 
Course in Tensor Analysis for Elec- 
trical Engineers, by the General Elec- 
tric Company, with a new introduction 
by Banech Hoffman and an impressive 
bibliography of Kron’s work. From the 
algebra of N-way matrices to the third 
generalization of postulates, Kron’s gen- 
eralized approach to system problems 
has proved its usefulness — tensor anal- 
ysis encompasses a great variety of 
specific problems by means of relative- 
ly few symbolic equations. It is the au- 
thor’s endeavor to present a method 
of reasoning in analyzing engineering 
problems rather than detailed studies 
of any particular structure. He has 
accomplished this presentation of uni- 
fied analysis remarkably well.—a.m.un. 


The Relay Guide, Raymond N. 
Auger, Reinhold Publishing Corp., 
430 Park Ave., New York 22 (1960). 
383 pages, $10.00. 

This reference on _ electromechanical 

relays includes data on American-made 

relays which were available on the 
market at the time of compilation. 

Twenty-three relay types (representing 

approximately 1000 relays) are assem- 

bled in as many chapters, while each 
chapter contains an alphabetical ar- 
rangement by manufacturer. Descrip- 
tions of each relay are supplemented 
by an illustration and specifications. 

Additional sections of the book deal 

with arc suppression, establishing con- 

tact ratings, oscillographic analysis, 
various appendices (including NARM 
testing procedure) and a bibliography. 


The Engineering Index, 1959 
Edition, The Engineering Index, 
Inc., 29 W. 39 St., New York 18. 
$70.00. 

This new edition contains 1600 pages 

of over 30,000 annotations selected from 

over 1600 technical publications pub- 
lished world-wide, by qualified editors 
who review articles concerning the ap- 
plication of engineering methods and 
concepts. The information is indexed 
under 249 divisions of engineering. A 
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These Wagner Motors Provide... 


A WHOLE BANK 
OF POWER 
FOR HOLE BORING 


Those are Wagner polyphase motors 
lined up behind the bits. Thirty of them, 
each rated at one horsepower. They 
provide the muscle needed to drill thirty 
holes through six 2 x 4’s, simultaneously 
and in six seconds flat. The saw on the 
end of the rig—powered by a five horse- 
power Wagner ‘“‘Doubly Protected’’ 
polyphase motor—cuts the boards to 
size at the same time. 
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This wood boring machine, manufac- 
tured by the Indiana Foundry Machine 
and Supply Company, is installed in the 
new Kopper’s Company, Inc. Plastics 
Division plant in Detroit, Michigan. 


It’s not too often that you see thirty 
motors lined up like this, providing 
power for one machine. But, whether 
the number of motors in a particular 
application adds up to 3, 30, or 300... 
if thev’re Wagner Motors, you know 
they’re really doing a job. That’s usual, 
for Wagner Motors have been getting 
the job done for more than 65 years. 
And, a program of constant research 
and development in electric motor de- 
sign makes sure that Wagner Motors 
will continue to lead where it counts... 
in performance! 


Mind a suggestion? Call your nearby 
Wagner Sales Engineer for an analysis 
of your next motor application, be it 
for plant or product. Whatever your 
requirements, Wagner can supply a 
standard motor, or build a special motor 
to fit your needs. There are Wagner 
branches in 32 principal cities across 
the country, at your service. 





BRANCHES AND DISTRIBUTORS IN ALL PRINCIPAL CITIES 


Wasner Electric @rporation 


6454 PLYMOUTH AVENUE, ST. LOUIS 33, MISSOURI 


Wagner builds Poly- 
phase Motors in rat- 
ings from 1/6 through 
1,000 hp.; single 
phase, 15 hp. and 
smaller. 
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SUM 
ADVANCE RELAYS 


FOR EXAMPLE: 
A COMPLETE LINE OF GENERAL PURPOSE (GH) 
RELAYS ARE AVAILABLE FROM STOCK 


These new Advance GH midget relays 
are engineered for high efficiency 
and low cost. A tremendous variety 
of applications permits countless 
uses. The small size of these midgets 
allows their installation in equipment 
where space is a problem. GH relays 
are available in three open Series 
GHA (5 ampere rating), GHB (10 
ampere rating), GHS (5 ampere plate 
circuit type). Also in three dustite 
plastic enclosure Series—GHP (5 
ampere rating), GHH (10 ampere rat- 
ing), GHE (5 ampere plate circuit 
type). Enclosures are supplied with 
8-pin octal for 1C and 2C, 11-pin 
for 3C 

FOR GH SERIES DATA USE NUMBER BELOW 








tTA 
N ELGIN-ADVANCE RELAYS ELGIN NATIONAL WATCH CO. 


2435 N. NAOMI ST. / BURBANK / CALIFORNIA 
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SPEED INSTALLATION — REDUCE COSTS! t 


INDENTED CRIMP 
FOR GREATER RESISTANCE 


TO PULL-OUT 
VOID FREE 


CONNECTION 


/ 


( 


MONEY SAVER 


SAVE UP TO 15% 
WITH SHERMAN 


Write for FREE Sample 


| SHERMAN 


UNI-CRIMP SHERMAN SHERMAN HAND CRIMPING TOOLS 
( ~~ LUG ‘ ST” LUG Portable or bench mounted fer fest. escy insta! 
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complete catalog outlining the coverage 
of each of these divisions is available 
free upon request. 

In addition to the bound volume there 
is a card service on library cards which 
are mailed to subscribers each wee. 
Subscribers may select the engineering 
divisions which are of the most interest 
to them. 


Ferrites——Physical Properties of Ferri- 
magnetic Oxides in Relation to Their 
Technical Applications, J. Smit and 
H. P. J. Wijn, John Wiley & Sons, 
Inc., 440 Fourth Ave., New York 16. 
369 pages, price $10.00. 

This book offers an intermediate-level 
examination of the nature and theory of 
ferrites. The term “ferrites” is used to 
refer to all magnetic oxides containing 
iron as the major metallic component. 
The four major portions of the volume 
are: Theory, with coverage of ferro- and 
ferrimagnetism, magnetic anisotropies 
and magnetization processes; Methods 
of Measuring Ferromagnetic Proper- 
ties; Intrinsic Properties; and Poly- 
crystalline Ferrites, structure and pro- 
perties. Generally, physical models 
are used rather than mathematical 
derivations. 


Motor Selection and Application, 
Charles C. Libby, McGraw-Hill Book 
Company, Inc., 333 West 42 St., 
New York 36, N. Y. 508 pages, 
$13.50. 

An organized and simplified approach 

to selection and application of integral- 

hp polyphase motors and d-c motors. 

Especially directed to mechanical en- 

gineer designers, specifiers and users 

of industrial equipment. Chapters of 
particular interest cover: induction- 
motor temperature rise and heat dissi- 
pation; selection of rating and design; 
motor bearings, insulation and mechan- 
ical requirements; full-voltage and 
reduced-current starting methods. 

Author is manager of the electrical 

division of Fairbanks, Morse & Co. 


Plastics Engineering Handbook, 
Third Edition, Society of the Plas- 
tics Industry, Inc. Reinhold Publish- 
ing Corp., 430 Park Ave., New York 
22. 565 pages, price $15.00. 

This reference work on plastics ma- 

terials is not only of obvious value to 

the plastics plant but also contains 
much important information for the 
design-engineer user of plastics. 
Various molding processes are de- 
fined, described and limitations re- 
viewed (five chapters); processing 
equipment and methods are described 
in detail. Chapters follow on reinforced 
plastics, cellular plastics, casting, tool- 
ing with plastics, embedding and pot- 
ting, vinyl dispersions, design and tol- 
erances of molded articles, design 
standards for inserts, fastening of plas- 
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a fine-tolerance magnet wire 


by Belden 


Nenmtouitinenartn + at 


for precision applications 


Many manufacturers make a polyurethane insulated 
wire..but no one manufactures to the close tolerances 
of Beldure in the fine sizes. Here are some of its 
advantages: 


* Superior smoothness and uniformity . . excellent for 
miniature coils that require a precision wire. 


* Uniform tensile strength . 
resistance. 


* Fast solderability at 750 F to 800 F. 


. excellent abrasion 


Other Belden Magnet Wire: 


*Belden Trademark 
Reg. U.S. Pat. Off, 


belden 

* 

WIREMAKER FOR INDUSTRY 
SINCE 1902 


CHICAGO 


* Thermal endurance properties surpassing those of 
Formvar insulation. 


* Resists the softening effect of varnishes containing 
hot aromatic naphthas such as toluol and xylol. 


¢ Stickers or adhesive cements containing acetone or 
methyl ethyl ketone can be used with Beldure. 


Ask your Belden sales engineer for additional infor- 
mation about Beldure magnet wire. 


one wire source for everything electrical and electronic 
lead wire ¢ power supply cords « cord sets « portable cordage « 
electronic wire ¢ control cables * automotive replacement 


wire and cable « aircraft wire 





FEAT eR ES 


DC to $00 ke trequency 
range, 6 cm undistorted de 
rete ae 


identical, calibrated high 
gain amplifiers 


10 mv/cm to 100 v/cm sen 
Sitivity range 


ee ae 
erating at 5 kv. 


* 


ee ee 
10 sec. full-scale 


a ed 
erat ee 
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et Me 
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HIGH-FREQUENCY 

FEATURES 

-IN A NEW LOW- 
FREQUENCY OSCILLOSCOPE 


A comprehensive performer — simplifying many procedures previ- 
ously requiring specialized oscilloscopes. The 401-B provides high- 
frequency type concepts with low-frequency operation. The 401-B features 
identical amplifiers — enabling equal-ordinate, calibrated plots for accu- 
rate measuring on both axes. Its wide range of sweep speeds, provisions 
for single sweeps with rearming facilities, selection of auto or driven 
sweep, an “electronic shutter’ and other unique features — ali helping to 
create versatile displays on a new high brilliance 5 kv cathode-ray tube — 
establish the 401-B as a true general purpose, high performance oscillo- 


scope. Write for complete details. 
price *430°° 
F.0.8. CLIFTON, N. J 


U Monr’ 
D precision electronics is our business 


ELECTRONIC TUBES/INDUSTRIAL TV/MILITARY ELECTRONICS; MOBILE 
COMMUNICATIONS/ SCIENTIFIC INSTRUMENTS/ AUTOMOTIVE TEST EQUIPMENT 


ALLEN B. DU MONT LABORATORIES, INC., CLIFTON, N. J., U.S. A. 
INTERNATIONAL DIVISION * 515 MADISON AVENUE, NEW YORK 22, N.Y * CABLES: ALBEEDU, NEW YORK 
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tics, decorating (also machining and 
finishing) plastics, plastics as adhes- 
ives, performance testing of plastics 
articles, and various standards. The text 
is copiously illustrated with photo- 
graphs, tables and charts, and there 
is a section devoted to industry nomen- 
clature. 


Engineering 
Standards 


ASTM Standards % 


Two new compilations of ASTM stand- 
ards have been published: 

D-11, Rubber Products, $9.75. This 
hard-cover, 1052-page book is the 19th 
edition of the D-11 compilation. Of the 
162 standards covered, 22 are new and 
66 have been revised or changed. 


B-1, Metallic Electrical Conductors, 
$4.50. This 368-page publication is of 
particular interest to manufacturers of 
wire and cable. There are 59 standards 
included, of which three are new and 
36 are revised or changed. 

Copies may be ordered from Ameri- 
can Society for Testing Materials, 1916 
Race St., Philadelphia 3, Pa. 


ASA Standards 


The following American Standards 
have been made available: 

$3.2-1960, Method for Measurement 
of Monosyllabic Word Intelligibility. 
$1.35. This publication consists of 20 
groups of 50 words each which have 
been selected for development, evalua- 
tion and test of speech communication 
equipment, and is a new publication. 

C18.1-1959, Specification for Dry 
Cells and Batteries, 25¢ (National 
Bureau of Standards Handbook 71). 
Batteries for use with transistors are 
included in this seventh edition of the 
American Standard for the first time. 
Dry cells and batteries considered have 
a nonspillable electrolyte. 


B54.1-1960, Identification Code for 
Ball and Roller Bearings, $4.00. This 
new American Standard provides a uni- 
versal language for describing and 
identifying bearings. It agrees in all 
major technical respects with a pro- 
posed international identification code 
for bearings. 

Copies are available from the Ameri- 
can Standards Association, 10 E. 40 St., 
New York 16. 

are provided at end 


pos 
of book as s convenience to the reader 
in obtaining further information on— 
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Important facts to know about Laminated Plastics 


LAMINATED PLASTICS what they are, 


Taylor laminated plastics, also known 
as reinforced plastics, are thermoset- 
ting-type materials formed by impreg- 
nating paper, cotton cloth, asbestos, 
glass cloth, nylon or other base ma- 
terials with synthetic resins and fusing 
them into sheets, rods, tubes and spe- 
cial shapes under heat and pressure. 
exhibit a 
combination of characteristics, includ- 


These materials valuable 
ing high electrical insulation resistance, 
structural strength, strength-to-weight 
ratio, and resistance to chemical re- 
action; also adaptability to fabricating 


operations. 


Types of laminated plastics made by Taylor 
There are four basic types of Taylor 
laminated plastics commonly specified 
and used throughout industry today. 
They are as follows: 


Phenolic Laminates. Paper, cotton 
fabric or mat, asbestos, glass cloth or 
nylon bases impregnated with phenol 
formaldehyde resins. These provide 
strength and rigidity, dimensional sta- 
bility, resistance to heat, chemical re- 
sistance, and good dielectric character- 
istics. Some Taylor grades are excel- 
lent basic materials for gears, cams, 
pinions, bearings and other mechanical 
applications. Others are widely used in 
terminal boards, switchgear, circuit 
breakers, switches, electrical appli- 
ances and motors. Also in radios, tele- 
vision equipment and other electronic 
devices; and in missiles as nose cones, 
exhaust nozzles, and combustion cham- 
ber liners. 


JULY 1960 


Melamine Laminates. Glass cloth or 
cotton fabric impregnated with mela- 
mine formaldehyde resin. Taylor mela- 
mine laminates have superior mechan- 
ical strength and are especially de- 
sirable for their arc-resistant qualities. 
Good flame and heat resistance, good 
resistance to the corrosive effects of 
alkalis and most other common sol- 
vents, besides other favorable char- 
acteristics. Typical applications include 
arc barriers, switchboard panels, and 
circuit-breaker parts in electrical in- 
stallations 


Silicone Laminates. Continuous-fila- 
ment woven glass fabric impregnated 
with a silicone resin. These laminates 
combine high heat resistance (up to 
500°F. continuous) with excellent 
electrical and mechanical properties. 
They are primarily used in high-tem- 
perature electrical applications and 
high-frequency radio equipment. 


Epoxy Laminates. Continuous-fila- 
ment woven glass fabric or paper im- 
pregnated with epoxy resin. Glass- 
fabric grades are designed for use in 
applications requiring high humidity- 
resistance, good chemical resistance, 
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where they can be used 


and strength retention at elevated tem- 
peratures. Paper grades are used under 
high-humidity conditions where re- 
sistance to acids and alkalis is required. 
Both grades are characterized by good 
dielectric strength, low dielectric losses, 
and high insulation resistance even 
following severe humidity conditions. 


Recent technical advances in the bond- 
ing of various metallic and nonmetallic 
materials to laminated plastics have 
opened up new design opportunities. 
It is now possible to bond virtually any 
compatible material with a laminated 
plastic to form a composite which 
combines the advantages of both. One 
of the first composite materials was a 
copper-clad laminate used for printed 
circuits. More recent composite lam- 
inates, usually manufactured to cus- 
tomer specification, include the follow- 
ing: Taylorite® vulcanized fibre-clad, 
rubber-clad, asbestos-clad, aluminum- 
clad, beryllium-copper-clad, stainless- 
steel-clad, magnesium-clad, and silver- 
and gold-clad. Any one of these ma- 
terials can be sandwiched between 
sheets of laminates, too, and can be 
molded to fit specific requirements. 


Send for complete information about 
any or all of these Taylor laminates. 
And remember Taylor’s new selection 
guide will simplify your problems in 
choosing the right laminate for your 
specific application. Taylor Fibre Co., 
Norristown 37, Pa. 
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Editorial REPRINTS Available 


OT LNCS NIECE OTE REOTER EE SRE ER TTETREATAE SS 


As manuscripts are projected for pub- 
lication in each issue of ELECTRICAL 
Manuracturninc, the board of editors 
determines which editorial articles are 
to be made available to readers in re- 
print form. 

Available reprints of articles in this 
and previous issues are briefed here. 
Any regular EvecrricaL MANUFACTUR- 
ING reader qualifies for one copy of all 
single-article reprints, without charge. 

The numbers at the end of reprint 
listings correspond to the numbers on 
the postcards incorporated in the Read- 
er Inquiry Service Section at the end 
of the book. Readers 


should circle 


Critical Criteria for Precision Gears, July 
1960, 9 pages. In selecting gear 
parameters for application in control 
systems and in data handling (com- 
puters), factors weighed include toler 
ances, gear quality classes, choice of 
pressure angle and of pitch, minimum 


number of teeth, and gear cutting 
factors. (902) 


Logic—and the Principles of Program- 
ming, July 1960, 8 pages, Program- 
ming techniques are based upon the 
principles of logical reasoning, ex- 
pressed by a Boolean algebra, and 
the propositional calculus. Basic prin- 
ciples are explained. Automatic pro- 
gramming and machine languages— 
designed for the scientist and engi- 
neer who has little knowledge of 
digital computers and who wants to 
write his own programs—are presented. 
Typical examples are given. (916) 


Relay Field Data Invited for Standards 
Program, July 1960, 7 pages. A re- 
port on the Eighth National Relay 
Conference, with emphasis on the ob- 
jectives and progress of the Relay 
Testing Committee. Five award tech- 
nical papers are summarized, covering 
a broad range of relay-development 
aspects (931) 

4 


Nuclear Radiation Damage to Transis- 
tors, July 1960, 9 pages. A report on 
the effects of nuclear radiation on 
n-base germanium, p-base germanium, 
n-base silicon, and p-base silicon tran- 
sistor types. Selected transistors repre- 
enting these four types were tested in 
an environment equivalent to that of 
a nuclear explosion. Damage data 
were analyzed so that behavior of 
presently available transistors could be 
predicted and related to missile de- 
sign. The mechanism of damage is ex- 
plained and data analysis for radiatior 


those numbers which correspond to the 
reprints desired. 

If multiple quantities of these re- 
prints are desired, the rates to govern 
are indicated below. Remittance must 
accompany all orders. Larger quanti- 
ties, special quotation. 


Cost of Single-Subject Reprints 


No. of 
Reprints 4-12 
l Gratis Gratis 

5 $2.00 $3.75 

10 3.75 6.00 


25 7.50 12.50 


Number of pages 
16-32 


damage is given in graphs and charts. 


(919) 


Materials and Techniques for Micro- 
miniaturization (Parts 1 and 2), May 
and June 1960, 16 pages. A combined 
reprint of a two-part article giving in 
detail the past, present, and future 
state-of-the-art of microminiaturiza- 
tion. Covers the reduction in size and 
weight of all subminiature electron 
component parts including: substrates, 
conductors, resistors, capacitors, pro- 
tective coverings, inductors, solid-state 
diodes and transistors. Also includes 
thin-film techniques and integrated 


solid circuits (920) 


Machine Tool Electrical Standards 
(NMTBA), June 1960, 18 pages plus 
cover. First revision since March 1956 
of the Electrical Standards sponsored 
by the National Machine Tool Build- 
ers’ Association. Present version pro- 
posed September 1, 1959 and adopted 
with interim revisions January 25, 
1960. (See also JIC Electrical Standards 
for Industrial Equipment, Reprint 924.) 
Single reprints, no charge. Multiple 
quantities may be obtained at the 
following prices: 5-$3.75; 10-$6.00; 
25-$12.50; 50-$20.00; 100-$30.00. 
Send check with order payable to 
Evecrrican MANUFACTURING. (914) 


Precision Ball Bearings for Electromech- 
anical Instruments, May 1960, 4 pages. 
Elements of ball-bearing application 
factors in representative types of criti- 
cal instruments such as servos, syn- 
chros, resolvers, gyro gimbal bearings 
and gyro spin motors. Bearing design, 
materials, lubricants, loading, life ex- 
pectancy and fits are discussed, as re- 
lated to bearings approximately 1 in. 
OD and smaller. (935) 


Editorial Index to Evecrricat MaAnu- 
FACTURING for 1959, 24 pages. This 
yearly subject-classified index is com- 


pletely annotated. Includes author 
index, plus separate indices for 
Editorial page, Design Trends, and 
Research Notes departments. Also re- 
produces the Evecrrica. Manv- 
FACTURING Subject Classification and 
Alphabetical Subject Cross Index 


which form the basis of the index 
system. (915) 


Thermoelectric Heat Pumps, May 1960, 
6 pages. A two-in-one report on the 
cooling ability of commercial thermo- 
electric devices (3M and Westing- 
house). Basic elements of custom-de- 
signed semiconductor-type heat pumps 
and packaged component coolers are 
described. Examples of cooling prob- 
lems are worked out. (941) 


How to Make Basic D-C Measurements, 
May 1960, 14 pages. Starting with a 
description of the standard resistor and 
the standard cell, this guidebook-type 
article shows in detail how direct- 
reading and universal ratio sets can 
be calibrated by bootstrap methods, 
also how two standard types of in- 
strument potentiometers can be cali- 
brated using the standard cell and a 
universal ratio set. (949) 


Power-Supply Circuit Design by Digital- 
Computer Method, May 1960, 7 pages. 
Designing power-supply circuits with 
the help of a digital computer relieves 
the design engineer of many time- 
consuming, routine chores. Laboratory 
data are compared with the computed 


data. (948) 


Plastics Molding Materials for Structural 
and Mechanical Applications, May 
1960, 11 pages. A review of plastics 
molding materials, based on structural 
and mechanical properties and design 
parameters. Newer materials are de- 
scribed in detail. Significance of test 
methods is discussed, with supporting 


tables and graphs. (926) 


The Postulates of Boolean Algebra in 
the Languages of English Words, 
Mathematics, Logic, Engineering, Geo- 
metrical Diagrams, Circuit Diagrams, 
and Truth Tables, April 1960. This 11 
x 17 in. wall chart (from the April 
1960 Science & Engineering insert) 
contains a compilation of the funda- 
mental laws of Boolean algebra: the 
Laws of Combination, the Laws of the 
Unique Elements, and the Laws of 
Negation. For the designer of logical 
circuitry, this tabulation provides not 
only an at-a-glance “translation” from 
one symbolism to another, but also 
the conversion from sums to products 
(and vice versa). (947) 


Magnetism Research Pushes New En- 
gineering Developments (Parts I and 
Il), .February and April 1960, 20 
pages. Design significance of research 
progress reported at the Fifth AIEE 
Conference on Magnetism and Mag- 
netic Materials on: basic phenomena, 
soft magnetic materials, permanent 
magnets, microwave components, com- 
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Anaconda Memo to Management 


~~ 


Maybe zirconium copper-wire is your answer 


Looks like ordinary wire, but it’s new and rather special. Amzire®°—zirconium 
copper, Cu 99.88%, Zr .12%—combines 4 high electr ical conductivity (90 
to 95% IACS at room temperature) and strength — retention at elevated 
temperature /) i” in the aged condition. Tensile stot of zirconium copper 
cold worked 80% and aged is about 70,000 psi at 20 C—52,000 psi at 400 C in 
a short-time test. Naturally, it has attracted interest in the tL missile field. 
We just recently finished drawing a batch of .0179” wire a testi as a con- 
ductor in some missile components, and now know that even smaller diam- 
eters can be made. We also know it has excellent hot- and cold-working char- 
acteristics. But we don’t have all the answers yet—nor doés anyone else. The 
reason we call it to your attention is that you may have a problem that won’t 
wait until we ce: n@Pit as a completely proven product. Possibly we could 
work together in finding the answer. Our Metallurgical Department and mills 
are working with many copper alloys offering a variety of unusual property 
combinations. The answer might be Amzirc—or Cunisil-837, our copper-nickel- 


silicon alloy—or Chromium Copper-999—or Leaded Nickel Copper-831. All 


have a potential for special £77 electrical Ns applications. A 


If you are looking for metals to do new jobs—or to do a 5 ® 
present jobs beiter—tell us the combinations of prop- A N A CO N DA 
erties you need. Call in your American Brass Com- d . 

pany representative or write: The American Brass 


Company, Waterbury 20, Conn. In Canada: Ana- 
conda American Brass Ltd., New Toronto, Ont. Made by The American Brass Company 


COPPER + BRASS + BRONZE ~ NICKEL SILVER MILL PRODUCTS 
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one's Wh 


YOU oo 
Superior Performance 


FROM 


Furnas Controle 


Furnas Electric Magnetic Starters feature ad- 
vanced design to assure superior performance 


and longer life. Standardized design reduces 


inventory and allows a wider application with 
fewer components. 


Dual Voltage 110-220 or 220-440 
Volt Coils reconnectable on the job. 
Magnet features just one moving 
port. 


@ Non-trocking Contact Block is impact 
resistant. Completely visible and 
front removable silver-cadmium ox- 
ide contacts. 


© Trip-free Thermal Overload Relays— 
monual or automatic reset. Third 
overload relay kit can be added in 
the field. 


@ Extra Switchlet interlocks for addi- 
tional pilot circuits (up to 4) may be 
added to all starter sizes 0-4. 





PUSH 
BUTTON 


MANUAL 
STARTER 


DRUM 
CONTROL 


CONTACTORS 


Write today for FREE Color Bulletin 14-B1, Furnas Electric Company, 
1024 McKee St., Batavia, Illinois A75 


== Wa FURNAS ELECTRIC COMPANY 
FURNAS BATAVIA, ILLINOIS 
iA Seles Representatives in All Principal Cities 
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instrumentation 


(928) 


puter elements and 
devices. 


Distributed-Parameter Networks for Mi- 


crominiaturization, April 1960, 6 pages. 
An exploration of possible network 
characteristics obtainable by the meth- 
od of sandwiched layers of conducting, 
dielectric and resistive films. By em- 
ploying the distributed network con- 
cept, it is demonstrated that circuit 
performance unobtainable with lump- 
ed-parameter arrangements can be 
achieved by the layer method. (934) 


Copper and Copper Alloys--Their Prop- 


erties and Design Applications, April 
1960, 9 pages. The properties of cop- 
per and its alloys are related to the 
design needs of electronic equipment 
and systems. Applications of ma- 
terials to design parameters are il- 
lustrated and developed in the text 
and accompanying tables. (933) 


Powder Metallurgy Parts—Their Advan- 


tages in Design, March 1960, 9 
pages. A definitive exposition of the 
advantages of powder-metallurgy tech- 
niques in design of electrical and 
electronic components. Specific case 
histories illustrate design experience 
with these compacted and sintered ma- 
terials. Properties and other design 
parameters are explored and illustrated 
by charts and photographs. (921) 


Fine-Pitch Gear Trains, March 1960, 7 


pages. Gear quality classifications, cen- 
ter-distance considerations, and back- 
lash problems are discussed with re- 
spect to fine-pitch gear applications in 
electromechanical computers, servo- 
positioning feedback systems, instru- 
ments and radars, and in line with 
current and projected ASMA stand- 
ards (927) 


Electromagnet Coil Design Charts, March 


1960, 3 pages. Since “wire size” in 
terms of either diameter or area is a 
primary factor in coil design of any 
kind, mathematical relations for design 
must include it. For practical reasons, 
wire size is a step function: only par- 
ticular sizes are available. Coil design 
therefore becotnes a matter of judicious 
compromise, involving successive ap- 
proximations. Graphic methods are pre- 
sented for facilitating d-c and a-c coil 
design to minimize repetitive computa- 
tions. Derivations and examples sup- 
port the design charts. (925) 


The Esaki “Tunnel” Diode, February 


1960, 12 pages. Theory of operation 
of the most recent addition to nega- 
tive-resistance semiconductors is ex- 
plained in terms of the wave-like prop- 
erties of electrons. The diode’s 
small-signal behavior is described, its 
application as a low-noise amplifier ex- 
amined, and its noise figure of merit 
established. Other uses are as low-level 
oscillator and an ultra-fast bistable 
switching device. (905) 


Design Techniques for Static Inverters— 


Parts 1 and 2, January and February 
1960, 20 pages. Combined reprint of 
a two-part article giving the theory 
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CONTROL 


Transicoil Division exercises complete 
control over every stage of servo manu- 
facture, turning wire, strip, and bar 
stock into complex servo assemblies. 
Only this kind of manufacturing con- 
trol can assure you top performance... 
even on fast delivery prototype models. 
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oP: 
Winding (4 leads) 


SHIPMENT PROGRAM 


iT 
26 VOLT FIXEO WINDING AND GENERATOR OUTPU 


PART NUMBER 


NTROL 
ces rege nae 


HOBBED SH 
|_| Page sant® | Moen ie 
" 2308 15M27C Ngo 
1158 15M 46C 15M430 
3 uct 18M 43C 1SM86D 
; 1158 15M86C 15M830 
. 36CT 15MB3C 15MG27D 
; 2308 19M G27C 1sMG46D 
é 1158 15M G46C 15MG43D 
3 wcT 15M G43C 15MGS6D 
; 1158 15M GBC 15MG830 
8 ct 15M G83C 3280 
: 2808 18M yam 460 
: 1158 18M 18M430 
3 xeCT 18M 43C 18M860 
; 1158 18M 86C 18M83D 
: MCT 18M83C 18M G28D 
: 2808 18M GZ8C 18M G46D 
; 7158 18M 18MG430 
3 uct 1m 18M 860 
‘ 158. 108 Oe 18M G83 


2 leads) &: Split 
Stralont Wingnted Winding (3 leads) 


15 through 18 
& through 11 
, a % inch 
IFICATIONS: ROTO on 
a sats shaft 0-0 0.120 inch 6:1870 inen 
Popped shaft teeth ioe wP 
een. Oi $s — 8” minimum; DELIVERY 
SEAR INOS wr pe eee 1 eA Sseiet of order; Hee pers 
a 
sresohiiy. ryt te Ave units, subject to change. Part 


do not appear on decals. 
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Servo motors and motor: 
generators listed here are 
on the shelf now. One week 
after your order’s been 
received they'll be 
inspected and on their way 
to you. Ideal for fast 
prototype requirements, 
these stocked units—‘“at 
regular factory prices’ — 
are precisely the same fine 
servomechanisms for which 
Daystrom’s Transicoil 
Division is known. As a 
result you can count on 
future large quantity 
production units to 
duplicate the performance 
characteristics of the 
prototypes in every 
respect. To place orders, 
write, phone, or wire 
STOCKSHIP, Daystrom 
Incorporated, Transicoil 
Division, Worcester, 
Montgomery County, Pa, 





if you’d ordered these servos on June 24 


you'd be using them NOW 





sani 
TECHNOLOGY 


Transicoil Division engineers have 
been in the forefront of innumerable 
advances in servo art. Take minia- 
turization . . . Transicoil introduced 
plate-to-plate winding, eliminating 
the transformer from servo amplifier 
design . . . developed the size 8 and 
size 5 motors and motor generators. 


ay 
DAYSTROM s INCORPORATED 
2 eee 


TRANSICOIL DIVISION 
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FACILITIES 


Given the desire to turn out reliable 
equipment, you still need the facilities 
to bring your wishes to reality. Transi- 
coil Division backs up its aims with 
complete testing facilities, and one of 
the toughest, most rigid testing pro- 
grams developed for servos. 


WORCESTER * MONTGOMERY COUNTY + PENNSYLVANIA 
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This 6-E Glow Lamp 


. . 


i 


x EFLE 


gives this Heyer Oscilloscope 





HOW HEYER USES THIS GLOW LAMP. This oscilloscope makes inter 


esting use of General Electric's NE-77—the three-element glow lamp. In their 
device, a spark plug tester, two NE-77's control the sweep on the scope. How 

ever, the circuitry, developed by Heyer Industries, Incorporated, Belleville, New 
Jersey, does not use the center electrode for triggering the lamps. Instead they're 
triggered by a pulse applied to a metallic shield around the lamps. There are 2 
reasons for using the G-E NE-77 instead of other glow lamps 
voltage than most neons, and (2) a greater sensitivity to shield pulsing than other 
neon diodes. This is one example of how a G-E Glow Lamp performs its intended 
function—and a little bit more. You'll find the same flexibility and dependability 
in the G-E Glow Lamp you choose for your own circuitry 


How the G-E NE-77 Normally Works. A low current signal applied to the 
trigger (center electrode) starts the lamp, permitting conductance of peak current 
surges up to 100 m.a. in the power circuit. It can be used as a control device with 
photocells, thermostats, moisture sensors, or other low current detectors as 
trigger elements. 

For more information, write for Specification Sheet #3-092 "'G-I 
Lamps for Circuit Component Use’. General Electric Co., 
Dept. M-019, Nela Park, Cleveland 12, Ohio 


Glow 
Miniature Lamp 


Progress ls Our Most Important Product 


GENERAL @@ ELECTRIC 
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behind the circuits of a complete semi- 
conductor inverter (primarily for air- 
craft use) and practical advice on the 
actual design of such instruments. The 
inverter is broken down into 5 sub- 
circuits — oscillator, control, drive, 
power and filter—and many examples 
of various types of each are given. 
Space, weight and efficiency problems 
are also considered. (923) 


Research Progress in Dielectrics—1959, 


January 1960, 11 pages. The 13th 
annual on-the-spot review of the Con- 
ference on Electrical Insulation of the 
National Academy of Science-Na- 
tional Research Council. The review 
abstracts and interprets the papers and 
discussion in the light of their short- 
range and long-range effects on prob- 
lems in equipment and systems de- 
sign. Included are discussions on re- 
search activities in high-temperature 
materials, nuclear radiation effects, 
capacitor dielectrics, microwave prop- 
erties, and associated test techniques. 


(945) 


P.N-P-N Four-Layer Diodes in Switch- 


ing Functions, January 1960, 7 pages. 
Theory of operation of two-terminal 
transistor-like devices which can be 
switched by changing the voltage 
across them or the current through 
them. Applications include pulse gen- 
erators and core drivers, ring counters 
and multivibrators. Mathematical ex- 
pressions derived for operating para 
meters. (943) 


Prevention of Electric Shock Hazard as 


a Basic Design Consideration, Janu- 
ary 1960, 5 pages. The importance 
of stressing electric shock hazard fac- 
tors in the preliminary stage of equip- 
ment design is discussed. Applicable 
data from the literature have been 
analyzed and suitable graphs and no- 
mographs derived for design purposes. 
Major shock hazards such as large 
non-current-carrying metal parts and 
exposed sharp parts are discussed, as 
well as other specific design problems. 


(946) 


Control System Representations, Decem- 


ber 1959, 3 pages. A chart showing 
seven basic control-system element 
classifications and their various com- 
mon representations, including transfer 
functions, equivalent analog computer 
circuits, Bode diagrams, Nyquist dia- 
grams and time constants, This re- 
print is now being included in the 
combined reprint of the recent series 
on “Automatic Control System De- 
sign” by Ira Ritow (see p 180). For 
those who ordered the latter -previ- 
ously, this chart may now be obtained 
individually free of charge by circling 
the proper number on the Reader 
Service postcards at end of book. (944) 


Magnetic Amplifier Computing Control 


Circuits, December 
Building-block approach to analog 
control circuitry using standardized 
plug-in precision magnetic amplifiers. 
Covers amplifier design of one manu- 

(Continued on page 165) 


1959, 9 pages. 
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KCP SERIES 


KT SERIES KR SERIES 


three for dependability at low cost 
MEET P&B’'s FAMILY OF “‘K SERIES” RELAYS 


Here are only three of a large family of ‘‘K Series"’ 
relays by PaB. Blood brothers all, they are 
distinguished by fine craftsmanship and design 
maturity. Together they will handle a multitude 
of switching requirements 


Many design engineers find it saves time, saves 
money to integrate their circuits with related PaB 


relays. Makes sense, doesn't it 


KR—A small, lightweight relay used widely in 
communications and automation. Engineered 
for long life and dependability. 3PDT max. AC 
or DC. (See engineering data 


KT—Designed for antenna switching. Capaci 
tance: 0.5 mmfds between contacts. Terminal 
board is glass melamine and stack insulation is 
glass silicone for minimum RF losses to switch 
300 ohm antenna line. 3 PDT max. AC or DC. 


KC— Low cost plate circuit relay with sensitivity 
of 125 mw per pole. Factory adjusted to pull-in 
on specific current values. Available open, her- 
metically sealed or in clear plastic dust cover 
with standard octal-type plug. 3 PDT max. DC. 


KR ENGINEERING DATA 


GENERAL: 
Breakdown Voltage: 500 volts rms minimum between 
all elements 


Temperature Range: 
OC Coils—45°C to 85°C. 
AC Coils—45°C to 70°C. 
Terminals: 
Pierced solder lugs standard. Octal 8 and 1! pin 
plug-in heoders available. 


Enclosures: Type K—Hermetically sealed. 
Type P clear cellulose acetate dust cover. 


CONTACTS 
Arrangements: 3 Form C (3PDT) mox. 


Material: 4" dia. fine silver (gold plated). 
Other materials available to increase contact capacity. 


Loed: 5 amperes 1)5V 60 cycle resistive. 

cOUS: 

Resistance: 16,500 ohms max. AC or DC. 

Power: 1.1 watts minimum to 4 watts maximum for 


DC at 25°C ambient. 


Duty: Continuous 
Insylation: Centrifically impregnated with insulating varnish, 


PaB STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


(? POTTER & BRUMFIELD 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, PRINCETON, INDIANA 
IN CANADA: POTTER & BRUMFIELD CANADA LTD., GUELPH, ONTARIO 
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Low Cost, UL-approved Insulation Combines Best 


Features of Vulcanized Fibre and Phenolic Laminates 
This is ANILITE—A combination of vulcanized fibre and synthetic resins, 


Anilite is a unique insulating material. It has the good electrical properties 
ind mechanical strength of vulcanized fibre, together with the low 
moisture absorption usually associated with phenolic laminates, even in 
severe environmental conditions. Underwriters’ Laboratories have 
ipproved Anilite for sole support of current carrying parts up to a 


maximum temperature of 150°C 


This is how you can use ANILITE — One of the most evident applications is 
n low cost insulation for appliances, household wiring devices, and 
switches requiring UL approval. Because Anilite has excellent are and 
flame resistance, it is a natural material for are barriers, deflectors, and 
shields in switch-gear. Its ability to be permanently formed or shaped 


further increases its design possibilities 


These are the properties of ANILITE—The chart below compares some 
typical values of Anilite with those of a vulcanized fibre and a phenolic 
laminate. The properties (and price) of Anilite are between the 

two standard materials. The exception is are resistance which is superior 


to the laminate 


Flexural Strength, psi 


Arc Resistance, ASTM, secs. 
Water Absorption, Vie" thk., % in 24 hours 


For more information about ANILITE—Send for Technical Bulletin 
No. 304-101. Contact your nearby NVF Sales Office, or write us direct 
Dept. C-7, Wilmingfon 99, Delaware. 


C4 NATIONAL VULCANIZED FIBRE CO. 
{ * 
4 v 


WILMINGTON 98. DELAWARE In Conodo: WATIONAL FIBRE COMPANY of CAMABA, Ltd, Torente 3, Ootaris 
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tions, and procedures for designing 
equation-solving circuitry to imple- 
ment Laplace transforms. (906) 


eee ee eeee 


o SPECTROL PRECISION MECHANISMS | 
¢ 


aa 
NATIONAL 


Aluminum—Its Electromechanical Func- 


SPECTROL’S new PRECISION MECH- 
ANISM —a velocity servo—is more than 
just another interesting shrink job. It's 
useful. It can go anywhere you need an 
ultra-miniature, precision speed control 
device. 

First, the package. It measures only 1% 
x 1% x 3 inches. In a space that would 
give a sardine claustrophobia, Spectrol 
engineers squeezed a solid-state amplifier, 
a servo-motor, a gear train, and a very 
special, condensed (42-inch long) poten- 
tiometer and switch. 

The pot has four electrically isolated 
wipers, all riding 90° apart on the same 
coil. The switch, in the same pot housing, 
has four wipers riding on an alternately 
conducting and non-conducting surface. 


THE FUNCTION: The servo accepts dc 
signals varying between +10 v from a 
computer to drive the pot in such a man- 
ner that speed is directly proportional to 
the dc signals. 


THE APPLICATIONS: Here's an ex- 
ample: tied to an airborne computer, the 
Spectrol servo will drive a scope in the 
cockpit of one of the nation’s hottest 
aircraft. The object: to give the pilot a 
visual, three-dimensional analog of his 
position. Actually, the servo will drive 
anything—resolvers, synchros, tachs, 
other pots and switches. It's a complete, 
ready-to-go package you can put into 
your system as is. 

This is another example of how Spectrol 
PRECISION MECHANISMS free the systems 
engineer from building functional sub- 
assemblies using components such as gear 
drives, clutches, precision potentiometers 
and servomotors. If you need modules 
combining any of these components in 
a single specification —Spectrol can help. 


For more details, call your Spectrol engi- 
neering sales representative, or address 
Dept. 32. 


ELECTRONICS CORPORATION 
1704 SOUTH DEL MAR AVE. © SAN GABRIEL, CALIF. 


Circle 175 on Inquiry Card 


| Inherent 


tion in Design, December 1959, 11 
pages. This Staff Report stresses the 
mechanical and structural uses of 
aluminum and its alloys (as distinct 
from electrical conductor applications) 
in a wide spectrum of electrical com- 
ponents and equipment. Applicable 
properties and their design significance 
are discussed and suitable graphs and 
tabular data are provided. Special 
considerations such as effects of cor- 
rosion, thermal conditions, and fabrica- 
tion are also discussed in detail. (904) 


| Effects of Temperature on A-C Magnetic 


Properties of Nickel-Iron Alloys, De- 
cember 1959, 6 pages. A report on the 
second half of a two-part study to 
provide design data for developmental 
magnetic devices and to observe tem- 
perature-compensation parameters for 
existing applications. Results are re- 
ported in the form of curves for 60, 
400, and 1000 cps describing varia- 
tion of core loss per unit of weight and 
rms exciting volt-amperes per unit of 
weight as temperature varies. Six al- 
loys are reported for the temperature 
range —60 to +250 C. (937) 


| Accelerometers and Their Characteristics, 


November 1959, 9 pages. A survey of 
the various types of accelerometers 
available today and their character- 
istics when applied to high-perform- 
ance servos such as those found in 
inertial guidance. Includes an intro- 
duction to the theory of inertial guid- 
ance and a list of accelerometer manu- 
facturers and the types of units they 
make. (912) 


Motor-Blower Selection Factors. Novem- 
ber 1959, 6 pages. Performance char- 
acteristics and factors such as relative 
space and cost of the two principal 
forms of blower impeller are discussed. 
The economics and engineering aspects 
of direct motor drive are com 
with belt drive for blower as a guide 
for selection. (917) 


Motor Overheat Protection 
Moves inside the Field Coils, Novem- 
ber 1959, 8 pages. Two solutions to 
the problem of putting temperature 
sensors in the stator windings of in- 
duction motors are described, both 
involving thermistors. The Westing- 
house solution uses thermistors in a 
newly discovered positive-termperature- 
coefficient resistor mode. Cutler- 
Hammer's approach makes use of the 
well known negative temperature co- 
efficient of thermistors applied in a 
transistor circuit. (939) 


Core Factors in Magnetic Switch Per- 
formance, October 1959, 4 pages. In 
“rectangular”-loop core materials for 
static switch applications, permeability 
variation is a major and uncontrollable 
factor. Core test and switch design 
methods for determining and compen- 


anitite 


Vulcanized Fibre: 10 standard grades; 
many special grades. 

Puenoute® Laminated Plastic: over 80 
standard and modified grades; paper, 
cotton fabric, nylon, asbestos, glass 
fabric, cotton and glass mat bases; 
phenolic, melamine, polyester, epoxy 
or silicone resins. 


Peertess Electrical Insulation: coil, strip, 
corrugated. 


Extruded Nylon: 2 grades; rod, strip, 
pressure tubing, special shapes. 


Polyester Glass Mat: 4 standard sheet 
grades; custom molded shapes. 


Puenoute Copper-Clad Laminates: 
10 standard grades. 


Combination Materials: Rubber- 
PHENOLITE; Rubber-Fibre; Wood-Fibre; 
Metal-Fibre; Asbestos-Fibre; PEERLESS- 
PHENOLITE. 


BACKED BY THESE SERVICES... 


Field Application Assistance 
Complete Fabricated Parts Service 
Stock Program for immediate Shipment 


BY CALLING THESE OFFICES... 


Baltimore VAlley 3-0393 
Boston TWinbrook 4-3500 
Chicago AUstin 7-1935 
Cincinnati GArfield 1-0632 
Cleveland . ERieview 1-0240 
Dallas . , DAvis 4-4386 
Detroit. UNiversity 3-3632 
Griffin, Ga. GRiffin 8-1308 
WAlnut 3-6381 
RAymond 2-0391 
BRoadway 6-6995 
. .LOcust 2-3594 
Mitchell 2-G090 
COrtlandt 7-3895 
SHerwood 8-0760 
FAirfax 1-3939 
Hillside 5-0900 
PArkview 5-9577 
5-5505 
DAvenport 6-4667 
MElrose 7298 
OLympia 5-6371 


Les Angeles . 
Milwaukee 
New Haven 
Newark 

New York 
Philadelphia 
Pittsburgh 
Rochester 

St. Lovis 


San Francisco 
Seattle ; 
Wilmington 


IN CANADA: 

National Fibre Co. of Canada, Lid. 

Toronto LEnnox 2-3303 
Montreal AVenue 8-7536 


NATIONAL 


VULCANIZED FEBRE CO 


WILMINGTON 99, DELAWARE 
In Canode: 


HATIOMAL FIBRE COMPANY OF CANADA, LTO., Torente 3, Ontaris 
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SPRAGUE’ RELIABILITY 


in these two dependable 
wirewound resistors 


New Koolohm construction fea- 
tures include welded leads and 
winding terminations —Ceron 
ceramic-insulated resistance wire, 
wound on special ceramic core— 
multi-layer non-inductive windings 
or high resistonce value conven- 
tional windings — sealed, insula- 
ted, non-porous ceramic outer 
shells—oaged-on-load to stabilize 
resistance value. 


You can depend upon them to 
carry maximum rated lood for 
any given physical size. 


Send for Engineering Bul- 


letin 7300 for complete 
technical data. 


ALL UNITS ACTUAL SIZE 


Sprague’s new improved construc- 
tion gives greater reliability and 
higher wattage ratings to famous 
Bive Jacket miniature oxial lead 
resistors. 

They are ideal for use in minia- 
ture electronic equipment with 
either conventional wiring or 
printed wiring boards 

Get complete data on these de- 

pendable minified resistors, write 
for Engineering Bulletin 
7410. 
TAB-TYPE BLUE JACKETS: For 
industrial applications, select 
wattage ratings from 5 to 218 
watts in Sprogue’s famous Tab- 
Type Blue Jacket close-tolerance, 
power-type wirewound resistors 
ideal for use in radio transmitters 
electronic and industrial equip- 
ment, etc. For complete data, 
send for Engineering Bulle- 
tin 7400A., 


NEW SMALLER SIZE 


SPRAGUE ELECTRIC COMPANY 


307 MARSHALL STREET - NORTH ADAMS, MASS. 





sating for magnetic variations are 
presented. (932) 


Effects of Temperature on Magnetic Core 


Materials, October 1959, 8 pages. Pri- 
mary design data for most commer- 
cially significant magnetic alloy types 
used for transformers, magnetic am- 
plifiers, relays, servomotors, etc. in 
military applications. Measurements 
include d-c magnetization curves, ini- 
tial and maximum permeabilities, plus 
a-c and d-c values of “squareness” 
ratio, remanence, saturation magneti- 
zation and coercivity for L-Silectron, 
Transformer-A, 11.7 and 15.5 Alfenol, 
3 Mo Thermenol, Supermendur, 7-70 
Perminvar, Orthonol, AEM 4750, 4-79 
Mo Permalloy (910) 


| The Four-Bar Linkage as a Function 


Generator, October 1959, 9 pages. 
Advantages of the four-bar linkage as 
a computing and control element are 
outlined, with examples of both graphic 
and analytical methods of linkage de- 
sign and evaluation. (942) 


Determination of Electrical Resistance of 


Metal Parts, September 1959, 6 pages. 
A tabular compilation of electrical re- 
sistivity characteristics in metallic ma- 
terials most likely to be used in design 
Methods for calculating total resistiv- 
ity are given. Also presented is a 
nomogram for calculating total re- 
sistance of circular cross-sections of 


metals (909) 


Engineered Cooling Cuts Equipment 


Bulk, September 1959, 10 pages. The 
essential theory and key design con- 
cepts of heat-flow engineering were 
established in the Basic Science article 
“Heat Flow Theory” (Evectrnicar 
Manvuractunine, April 1959—see also 
Basic Science Reprints page in this ts- 
sue). The present article, by the same 
author, projects these principles into 
specific analytical design procedures 
for heat exchangers for cooling and 
adding heat as desired in equipment 


assemblies and enclosures. (913) 


joint Factors in Stacked Magnetic-Core 


Design, September 1959, 8 pages. For 
transformer and other magnetic lamin- 
ated-core designers and for producers 
of electrical steel it is important that 
a separation be made between the 
properties of magnetic materials and 
the effects due to joints and other 
mechanical factors. Analytical meth- 
ods for segregating material from 
other effects in stacked cores are 
presente d (940) 


Fluorochemical-Vapor Cooling Tech- 


niques in Electronic Equipment, Au 
gust 1959, 5 pages. A study of fluoro- 
chemical vapors used as dielectric and 
heat-transfer material. Properties of 
these materials are discussed. Different 
types of cooling systems and special 
design parameters for use of fluoro- 
chemical vapors in electronic equip- 


ment are investigated and presented. 
Supporting data in the form of charts, 
tables and mathematical formulae are 


THE MARK OF RELIABILITY iat (918) 


(Continued on page 168) 


SPRAGUE COMPONENTS: 
RESISTORS * CAPACITORS * MAGNETIC COMPO- 
NENTS * TRANSISTORS * INTERFERENCE FILTERS * 
PULSE NETWORKS * HIGH TEMPERATURE MAGNET 
WIRE * PRINTED CIRCUITS 
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nothing carries 
the heavy loads 
as well as 


COMLR J 


The facts prove it. Copper’s electrical resist- 
ance (10.371 ohms per mil foot at 68F) is 
the lowest of any other commercial metal— 
almost 40% less than aluminum. This low 
resistance means less heat is generated 
within the bar, increasing its capacity for 
both large starting currents and heavy con- 
tinuous loads. Further, copper’s high soften- 
ing and melting (1981F) temperatures allow 
a higher heat build-up without adversely 
affecting its strength or other physical prop- 
erties. 

When your requirements demand large 
blocks of electric power, depend on copper 
to carry the load best . . . and depend on 
Hussey for the best in electrical copper. 


COMMER 


BUS BAR 


TIME TESTED AND PERFORMANCE PROVED 


75,000 pounds of Hussey Cc. G. HUSSEY & co. 


Copper Bus Bar were fabri- (Division of r 
cated by Erickson Electrical D —s Coppe Range Company) 


jah Yahi Geemone te ROLLING MILLS — GENERAL OFFICES 


supplying power to plating 


tanks PITTSBURGH 19, PENNSYLVANIA 
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How to Specify Insulating Varnishes 
for Equipment Reliability, May 1959, 
6 pages. Major insulating varnish 
types are identified, their properties 
and application areas evaluated, and 
compatibility with other elements of 
electrical systems analyzed. Emphasis 
is given to insulating varnishes as key 
components in designing insulation 
systems for optimum equipment life 


and reliability (930) 


Progress in Micro-Module Development, 
March 1959, 8 pages. An Evectrcat 
Manvuracturninc Staff Report describ- 
ing significant accomplishments in the 
Signal Corps Micro-Module Program 
Details of micro-element development 
are given and preliminary modules and 
modular assemblies are illustrated 


(936) 


Electronic Standards for Industrial 
Equipment, August 1955, 8 pages. In 
ternal standards for the electronic por 
tions of machine control systems, 
prepared by the Plant Engineering 
Electronics Committee of General Mo 
tors Corp., are offered for general in 
dustry use in conjunction with the 
JIC Standards for Industrial Equip 
ment (see Reprint 924 (922) 


JIC Electrical Standards for Industrial 
Equipment, June 1957, 24 pages. Re 
vised specifications for the application 
of electrical apparatus to welders and 
other industrial equipment, as adopt- 
ed by the Joint Industry Conference 
held in Detroit, March 1957. Single 
reprints, no charge. Multiple quanti 
ties may be obtained at the following 
prices: 5—$3.75; 10—$6.00; 25—$12.50 
50—$20.00; 100~—$30.00. Send check 
with order payable to ELecTrica. 
Manuractunnc, 205 East 42 Street, 


New York 17 (924) 


PLUS or MINUS 


Continued from page 16 


General Radio's plant to your attention, 
not so much because of its excellent 
physical attributes as for the enlight 
ened layout and use of engineering of- 
fice space and laboratories and the in 
centive, piece-work system used in the 
instrument assembly areas of the fac- 
tory. In contrast to the automation and 
mass production that are common in 
most places, GR’s instruments are hand 
assembled, with what we would un- 
blushingly call loving care and a sense 
of enthusiasm for the job that is a 
revelation 

P. S.: This is not a paid advertise- 
ment and we trust General Radio will 
forgive us for inviting everyone to visit 
them. —J.R.R. 


ELECTRICAL MANUFACTURING 





MOTORS 


1 thru 200 horsepower 
(other ratings 1/200 to 1 h.p.) 


Longer Life because High Velocity 
“Dual-Sweep" ventilation Cools and Cleans! 


Rossains & Myers “Dual-Sweep” 

ventilation is a new concept in high 

velocity internal cooling and clean- 
ing, designed to greatly prolong motor life. Tandem fans— 
one pushing, one pulling—create end-to-end ventilation that 
eliminates “dead” areas and converging air currents which 
deposit dirt. Venturi baffles at each end of the motor direct 
air in a washing action over and around end coils where 
it’s most needed. Passages between field and outer shell form 
a “cylinder of air” which carries off motor heat. 

R&M motors’ long-life insurance also includes these fea- 
tures: Mylar* insulation that has 8 times the dielectric 
strength and 35 times more moisture resistance than ordi- 
nary paper insulation . . . double width bearings with 
extra-large grease capacity . . . end heads that’ offer full 
height protection . . . removable caps for quick bearing in- 
spection and re-lubrication. For details, write today for 
Bulletin 520 EM 


*DuPont registered trademark 


ROBBINS & MYERS, INC. 


motors, household fans, Propellair industrial fans, hoists, Moyno industrial pumps 
SPRINGFIELD, OHIO - BRANTFORD, ONTARIO 
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BASIC SCIENCE Reprints 


rN VES TSS BSS 0 RES A RS ISAS 


Reprints of special Basic Science and 
Engineering inserts or of compendi- 
ums into which are combined several 
separate articles on the same or related 
subjects are available at the nominal 
prices indicated in each listing. For 
ordering convenience, use the handy 
Order Form below. Orders must be 
accompanied by remittance (either in 
cash or check). Please add 3% City 
Sales Tax on orders for New York City 


delivery. Make checks payable to 
ELECTRICAL MANUFACTURING. 

Since handling expenses are a signifi- 
cant cost element in the distribution of 
the reprints, grouping of orders makes 
possible substantial savings in cost per 
copy. For single shipments to one ad- 
dress, the following prices (which in- 
clude shipping charges) per copy ap- 
ply. Prices for larger quantities are 
available on request. 





ORDER FORM | 


No. of 
pies 


8 


Basic Differential Equations 


Thermoelectric Effects 
Network Analysis 
Determinants and Matrices . 
Sampled-Data Systems 


The Electric Field 


Heat Flow Theory .. anes 
Fundamentals of Ferromagneti 


Slide Rule Mathematics 


TEE EEE EEE EEE EEE 





Total Copies 


Electrical Analogs for Mechanical Systems 


Ring Binder for Science & Engineering Reprints 
Introduction to Molecular Engineering 
Logic—and Switching Circuits 
Infrared—Fundamentals and Techniques 


Automatic Control System Design 
Low-Noise, Solid-State Microwave Amplifiers 
Digital Methods in Measurement and Control 
Fundamental Properties of Plastics 
Fundamental Nature of Shock and Vibration 
Key to Metals in Design Engineering 


Using Fourier Analysis in Design 
Engineering Applications of Boolean Algebra 
Five-Year Annotated Editorial Index 


Casting Resins and Application Techniques 


.. ZONE 
(Add 3% City Sales Tax for New York City delivery.) 


Please enclose remittance 
(cash or check) with your order 


Price 


l 
| 


| 


Transformer Materials for Extreme Environments 


PELE 


Total Order 


TO: ELECTRICAL MANUFACTURING, 205 East 42 St., New York 17, N. Y. 


TITLE 


STATE 


170 


Reprint Title 5 25 
Differential Equations $.90 $.75 
Electrical Analogs 20 78 
Transformer Materials 80 75 
Molecular Engineering 80 78 
Logic 90 .7 
Infrared 86 .73 
Thermoelectric Effects 90 .75 
Network Analysis 90 .75 
Determinants and Matrices 90 .75 
Sampled-Data Systems BO 9 
Microwave Amplifiers eS 
Digital Methods 90 «7! 
Properties of Plastics 90 75 
The Electric Field 90 7 
Shock and Vibration 90 75 
Key to Metals 90 75 
Heat Flow Theory 90 15 
Ferromagnetism 90 75 
Fourier Analysis 90 75 
Automatic Control Systems 2.00 — 
Boolean Algebra 1.80 1.60 
Slide Rule Mathematics 90 .75 
Casting Resins 1.75 1.50 
Basic Differential Equations, July 1960, 


20 pages Differential 
mathematical models to describe re- 
lationships of mass, motion and time 
as functions of independent variables. 
In network applications, the independ- 
ent variable is always time; in non- 
network applications it is length or 
time. The physical problems of the 
effects of mechanical forces, of tem- 
perature of vibration et . expressed 
by mathematical symbols, can be an- 
alyzed and Basic differential 
equations and methods of solution are 
demonstrated $1.00 


equations are 


solved, 


Electrical Analogs for Mechanical Sys- 
tems, June 1960, 20 pages. Dynamic 
states of mex hanical systems are read- 
ily visualized and evaluated by trarns- 
lation of the system parameters into 
electrical network equivalents and the 
use of network analysis methods. The 
reasoning behind the analog approach, 
and the various analog forms which 
may be used, are explained and illus- 
trated. Included are thorough discus- 
sions of the principle of duality of 
analog, the reasons for choosing a cir- 
cuit or its dual for a particular an- 
alysis, and the use of distributed-para- 
meter networks (long lines) to simu 
late certain mechanical elements $1.00 


Transformer Materials for Extreme En- 
vironments, March, April, May and 
June 1960, 28 pages. A series of four 
articles interpreting research and de- 
velopment on small transformers de- 
signed to operate under extreme en- 
vironments of 500 C temperature and 
nuclear radiation. This series on the 
work carried out under Air Force and 
Bureau of Ships contracts presents the 
development and results of research 
on: electrical insulation materials, mag- 
net wire (both wire and insulation), 
magnetic core materials, and trans- 
former structural materials used in the 
design of these components. $1.00 

(Continued on page 173) 
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this 1s 
the Brush 
Mark Il... 
anyone 
can 

plug 

It IN 


- HE OCOMRDER warn |) 


: 
Zs 
- 2 
put It ©0e 
in writing 
anywhere 


There is no direct writing recorder on the market that approaches the compact 
Mark II in sheer usefulness. It is a completely integrated engineering tool 

that can be operated by anyone . . . in the shop or in the field . . . for countless 
research or design requirements. Every function necessary for uniform, 

crisp, easily reproduced readouts is ‘built-in’’. The Mark II gives you two analog 
channels plus two event markers; 4 chart speeds; DC to 100 cps response 

with 40 mm amplitude; 10 mv/mm sensitivity; high input impedance. 

Immediate shipment from stock. Call, write or wire for complete details. 
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recording 
systems 
as qualified fom - 


Sormiatctem 
JTTATNRE 
ERISA! / 


ae 


as Brush fp 


Why? Simply because Brush recording systems such as this 6-8 





| 


“. : . channel unit incorporate all of the known refinements in the 
os ie@ ee ee art of recording by direct writing. No comparable system in ex- 
; ee ae : istence today is as compact . . . as simplified as reliable... as 
LF i versatile. Note slide-mounted oscillograph and interchangeable 
© Ce CO Ce ve “plug-in” signal conditioners that provide four vital functions 
= es in addition to amplification: high input impedance, zero sup 


pression, attenuation and calibration 


Instantaneous rectilinear presentation gives clear, uniform and 
reproducible traces for precise readout of telemetry, computer, 
ground control and other data gathering operations. Further, 
this functionally designed system has a “pull-out” horizontal 
writing table for convenient annotation and reading 

without turning off the recorder! Check these and many other 
advanced features for yourself and you'll see why no one is as 
qualified as Brush. Call, write or wire for complete details 


a —4rush INSTRUMENTS 
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Ring Binder for Science & Engineering 
Reprints. Readers who want to keep 
their reprint copies of the monthly 
Science and Engineering feature both 
safe and handy will want this maroon- 
colored binder made of flexible, Mo- 
rocco-grained leatherette stamped in 
gold. The standard 1%-in. rings will 
accommodate about twenty S & E re- 


prints. $2.50 | 


Introduction to Molecular Engineering, | 
May 1960, 20 pages. An examination | 


of the concept, principles and tech- 
niques of molecular engineering in 
terms of its ultimate use in the design 
of equipment and systems. Part I de- 
fines molecular engineering as the ap- 
plication of molecular behavior to the 
design of materials and devices of 
prescribed characteristics. The defini- 
tions are supported by brief examples. 
The various approaches to molecular 
engineering are examined. Consid- 
erations such as purity and form of 


materials are discussed. Part Il ex- | 


amines the elements of the classical | 


macroscopic approach to the behavior 
of materials as well as the micro- 
scopic or molecular. approach. Part 
Ill provides extended examples of 
molecular engineering in the areas of 
electrical insulation, microwave am- 
plifiers, thin-film devices and micro- 
miniature electronics function blocks. 
Tables, charts, literature references, 
and glossary. $1.00 


Logic —and Switching Circuits, April 
1960, 36 pages. The fundamental 
principles of logical reasoning, con- 
tained in Aristotle's syllogism, dev- 
eloped into the Boolean algebra and 
the logistics of the Principia Mathe- 
matica, and applied in circuit design 
and computer programming, are devel 
oped. The basic postulates are tabu- 
lated in their verbal, algebraic, 
diagrammatic, and _ circuit-schematic 
form. Modern logic is presented as a 
powerful tool for the engineer who 
must find the optimum out of many 
possible solutions to a problem for 
which there is no unique, neatly 
labelled true-or-false answer. The 
article deals with methods applied 
to solve the problems of circuit syn- 
thesis, the principles of circuit design, 
and the fundamental ideas which can 
be applied to the design of the most 
complex circuitry. The 
underlying the design and use of 
computing machines are given. $1.00 


Infrared—Fundamentals and Techniques, 


March 1960, 28 pages plus cover. A 
comprehensive introduction to the the- 
ory of one of the most rapidly growing 
fields in engineering. Basic principles 
of radiation and detection (including 
Wien’s Law, Rayleigh-Jeans Law) are 
derived and explained. Effect of infra- 
red on metals, ionic crystals, and semi- 
conductors is described with regard to 
the use of these materials in infrared 
systems and devices, Various types of 


principles | 


|Makers of Electrical Insulating Tubing and Sleeving 





VARGLAS Silicone Rubber 
SLEEVING 


Varglas Silicone Rubber Sleeving with its space-saving 
thin wall construction and precision ID, is the answer for 
insulation in the trend toward miniaturization. 


The ultimate in flexibility and dielectric strength, Varglas 
retains its protective properties over a wide temperature 
range, from minus 70° to plus 400°F. Tough and abrasion- 
resistant, this supported diame rubber sleeving resists de- 
terioration and “cut through”; will not crack or craze. Di- 
electric protection provided up to 8,000 volts and certified 
to meet government specification MIL-I-18057A. 


Available in brilliant, non-fading colors for instant, easy 
color-coding in a complete range of sizes from .010” to 3” 
ID, and obtainable in coils or on spools as well as in in- 
dividual] 36” lengths. Deliveries made promptly off-the-shelf 
or produced on order within one week. 


Let Varflex engineers work with you in developing special 
types of sleeving and tubing to meet your particular speci- 
fications. No obligation. 


@ WRITE FOR FREE FOLDER Containing Test Samples ~ 











sources, windows, prisms, eee 
and spectrographs are discus quali- | 
tatively. Also includes theory of use of | VARFLEX SALES CO., Inc. 


Never Satisfied Until You Are 
309 N. Jay St., Rome, N. Y. 
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atl oe a RP | infrared in practical applications such 
se ee as thermal mapping, missile tracking, 
a chemical analysis, etc. $1.00 
win j amily Thermoelectric Effects, February 1960, 
16 pages plus cover. Basic theories as 


developed by Seebeck, Peltier and 
Thompson (Kelvin) are brought up to 
date in the light of new semiconductor 


a: thermopile compounds. Thermoelec- 
ae an S a ain: —— tricity is discussed from free-electron 
and thermodynamic points of view. 

Four basic applications of thermoelec- 

—— tric phenomena are considered: power 

generation, heating, cooling, and tem- 

perature sensing. Author Robert P. 


AMPHENOL'S family of remarkable aiwwiE connectors continues Benedict, of Westinghouse Electric 
Corp., is an authority on thermo- 
couples. $1.00 


to expand! The munwE line now includes constructions for every miniaturized 
Network Analysis, January 1960, 28 
application, still offers the only true miniature “E” pages plus cover. With preliminary 
—_— concentrated treatment of elementary 
. . ; : 7 ; concepts of circuit analysis, the author 
design capable of withstanding altitude-moisture immersion. presents a discussion of present-day 
practices in network engineering and 
their theoretical background. Network 
theory as a coherent and unified study 
is stressed, as contrasted with the 


NE WwW > less powerful and less useful traditional 
approach to circuits which involved 
isolated and unrelated “methods” of 

analysis. $1.00 

HERMETIC SEAL RECEPTACLES 


Two new hermetically sealed 


Determinants and Matrices, December 
1959, 20 pages plus cover. The elec- 
trical network is used as the primary 
example of the engineering problem 
in which analysis leads to mathematical 
systems of equations that readily be- 
come so numerous and involved as to 
require an objectionable amount of 
time for manipulation. The principles 
treated in this article apply to all prob- 
lems involving numerous mathematical 

added sealing protection. statements. Included are specific rules 

for the use of determinants for solving 
systems of simultaneous equations, in- 
cluding refinements of the basic pro- 
cedures to apply to higher-order sys- 
tems, and the underlying principles of 
matrix algebra with examples to dem- 
onstrate the time- and error-saving 


NV W ee advantages of these two forms of 
tf mathematical shorthand $1.00 
WALL RECE PTACLES | Sampled-Data Systems, November 1959 


20 pages plus cover. An introduction 
All minmE inserts can now be 


receptacles in ten different in- 
sert arrangements. 67-04H(105) 
is stake-on solder flange. 67- 


04H is hex. nut, front mounted, 





incorporates an “O” ring for 


to the analysis of closed-loop control 
systems in which the input or error 
signal is periodically sampled (rather 
than continuously connected) as by 
a sampling switch, analog-digital con- 
verter, digital computer, etc. Presents 
impulse-response, frequency-response, 
p-transform and z-transform methods. 
Show how to plot Nyquist, Bode and 
root locus diagrams with z transforms 
Written by Carl O. Carlson of the Na- 
tional Cash Register Co., whose con- 
tributions to the art include: the use 
of the normalized sT plane for ana- 
lyzing sampling adequacy, “pseudo- 
sampling” for determining between- 
sample response and the use of the 
z transform for table-generating func- 
tion. The last is presented! for the first 
time in this article. $1.00 


CONNECTOR DIVISION (Continued on page 176) 


1830 S. 54TH AVENUE, CHICAGO 50, ILLINOIS 
Amphenol-Borg Electronics Corporation ELECTRICAL MANUFACTURING 
Circle 183 on Inquiry Card 


obtained in 67-00 wall mounted 
receptacle constructions: P 
(potting), E (environmentally 
resistant) and C (standard 
cable clamp) types are avail- 








Complete information on all MINNIE connectors 
is available for your use. Write today! 





You get three times as much aluminum per pound as 
you get in a pound of steel, brass, nickel or copper! 


: This means you can build for less . . . ship for less. . . 
C0a umn make a greater profit by using Alcoa® Aluminum in 
see your products. 


Alcoa Aluminum offers you many other advantages, 
too: highest strength at lowest weight ... nonmagnetic 


« 
... nonsparking . . . easy to spin, form, bend, roll. It 
e Wa 0 (i can be cast, forged, extruded or drawn . . . easily joined 
by practically any method. Corrosion resistant, it re- 


quires virtually no maintenance. 
Ask an Alcoa sales engineer to show you how Alcoa 
| Aluminum can put added values for you and your cus- 
a ess COS tomer into the products you make .. . or write Aluminum 
. Company of America, 2130-U Alcoa Building, Pitts- 
burgh 19, Pa. World-wide sales through Alcoa Inter- 
national, Inc., 230 Park Avenue, New York 17, N. Y. 


Redraw rod made of Alcoa Aluminum gives you three 

times as much metal per pound as copper . . . costs one-half Your Guide to the Best 
as much for equal current-carrying capacity. As other metals in Aluminum Valve 
constantly grow more costly, aluminum is notable for its much 
lower rate of price increase. Whether you use aluminum as a 
structural metal or as an electrical conductor, Alcoa Aluminum o ameoree ABC-TV, and “Alcoa Theatre” 
can put many extra benefits in the products you make. alternate Mondays, NBC-TV 


ALtcoa ©. For exciting drama watch “‘ Alcoa 
ALUMINUM - Presents’ every Tuesday, 
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(Advertisement) Low-Noise, Solid-State Microwave Am- 

ome plifiers, October 1959, 16 pages plus 
Miniature cover. An engineer-oriented examina- 
tion of the basic quantum mechanical 

Pulse Transformers principles underlying the operation of 
paramagnetic Maser amplifiers (in- 
cluding ammonia gas, two-level solid 
state, three-level solid state and opti- 
cally pumped devices) and parametric 
MAVAR amplifiers (both semiconduc- 
tor and ferromagnetic types) plus a 
brief introduction to the tunnel-diode 
amplifier. Written by R. D. Haun, Jr., 





se and T. A. Osial of the Westinghouse 
—— Research Labs $1.00 


Digital Methods in Measurement and 
Control, September 1959, 20 pages 
plus cover. This review of digital tech- 





niques covers 1) characteristics and 
advantages of the digital, or numerical 
approach; (2) basic principles of 


coding, sampling and quantizing; (3) 
digital components and techniques for 
logic and information storage, includ- 
ing flip-flops, AND, on, NoT, NOR cir- 
cuits, comparators, memory devices 


Sprague offers 





and relative characteristics of cores, 
tubes, transistors and relays; (4) digital 


a wide variety of 
measurement devices, including pulse 
generators, counters, voltage converters, 


MAGNETIC proximity pickups and position trans 

s ducers; (5) digital control actuators 

SHIFT REGISTERS Written by Michael H. Nothman, Gil- 
fillan Bros 


, Inc., Los Angeles. $1.00 








The Fundamental Properties of Plastics, 


for aircraft, missiles, f f August 1959, 16 pages plus cover. The 
computers, and controls E é nee app . pe = polymeric ma- 
Sprague asiojeenen pulse transform: erials is related to design engineering 


° sted lic properties of plastics. Discussion covers: 
ers are ideally suited for applica- the molecular formation of polymers; 


Just the right case styles... tion in low-power, high-speed the chemistry of addition polymers; the 


; a a odd ga chemistry of condensation polymers 
eS a . computer circuitry where pulse por) , 
types of sealing... number of P y P the theoretical basis for mechanical, 
electrical and chemical properties of 
microseconds and wider in dura- polymers. Bibliography and 


: igna ay range up from 20 milli- 
stages...read and write pro- signals may range up fr 


glossary 
tion, at repetition rates as high as provided. Written by Thomas D. Cal- 
linan, Research Center, International 
Business Machines Corporation, and 


visions you need! Sprague mag- 


netic Shift Register Assemblies 10 megacycles, with pulse levels 


are matched to your specific ranging from fractions of a volt to Alex. E. Javitz, Special Features Editor, 
application requirements to several hundred volts. EvecrnicaL Manuractuninc. $1.00 
make them your best buy! Typical circuits utilizing Sprague The Electric Field (an Electrical Applied 

. . > > Tre > include »uls , Physics Monograph , July 1959, 12 
Standard designs are easily Pulse Transformers include pulse 


pages plus cover. Contents include dis- 


fer i . or voltage : 
amplifiers (for current Zz cusdions of the fellowes: Wlectro- 


modified to meet most system 


: ) step-up, impedance matching, de- statics; Electric Fields in Free Space; 
requirements. All are 100 coupling, pulse inversion and push- Electric Induction; Capacitance; Me- 
pulse performance-tested be- pull operation); pulse shaping and chanical Considerations; Field Effects 

E agree ’ * in Devices. Written by Paul G. Jacobs, 
fore they leave the plant. differentiating; blocking oscillators Associate Editor, Exacreacat, Mawno- 
For engineering assistance on (in regenerative circuits of the ace aa $1.00 
your Shift Register problems, triggered and self-triggered type); | The Fundamental Nature of Shock and 
7 general transistor circuits. Vibration: Theory, Character, and 


write to Special Products Divi- Choose from Sprague’s wide va- Mechanism of Damage, Principles of 


Testing, June 1959, 20 pages plus 
cover. The nature of shock and vibra- 
tion is given in terms of classical 


printed wiring board assembly. physics and mechanics. The major 


oe ; ; , types of vibration are discussed 
Write for the complete series o (periodic, random, structural and air- 


a) engineering bulletins to Technical borne); also the major types of shock 
Literature Section, Sprague Electric (velocity, simple impulse, single com- 
207 Marshall plex and multiple). Combined en 

aU / arsnia 


Company, Street, vironments are also treated. A section 


North Adams, Massachusetts. is devoted to the effects of shock and 
THE MARK OF RELIABILITY @& vibration on missile electronic com- 


ponents. Types of damage are tabu- 


sion, Sprague Electric Company, riety of mounting styles, shapes and 


Union St., North Adams, Mass. encasements... for conventional or 
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NOW. ee vrom CLARE . ee 
anew 10-Point Stepping Switch 


for long life digital operation 


Small, lightweight and capable of a minimum of 
over 100,000,000 operations,* the new CLARE Type 
210 Stepping Switch is specially designed for digital 
operation. It is ideally suited as a component for 
sequence control, totalizing, sampling or single point 
selection. It transfers from Position 10 to Position 
1 without special circuitry. 

This new switch has all the improved features 
which have made the Type 211 an ideal component 
for complex switching requirements—long life, ex- 
cellent capacity and freedom from maintenance. A 
wide variety of hermetically sealed and dust cover 
enclosures are available with terminals or connectors 
to suit the application. 

Send for Bulletin CPC-6 for complete information. 
Address C. P. Clare & Co., 3101 Pratt Blud., Chicago 45, 
Illinois; In Canada: C. P. Clare Canada Ltd., P. O. Box 
134, Downsview, Ontario. Cable Address: CLARELAY. 


*with twelve 10-point levels . . . 300,000,000 operations with 
four 30-point levels (properly lubricated and adjusted). 


LZR 


Relays and Related Contro/ Components 





ELECTRICAL DATA 

OPERATING SPEEDS—Self-interrupt speed: 60 sps at 25°C on 
nominal voltage. Remote impulse speed: 30 sps at 25°C on 
nominal voltage with 66% make impulse. 

OPERATE & RELEASE TIME—Operate time: 20 ms at 25°C on 
nominal voltage. Release time: 10 ms at 25°C on nominal 
voltage. 

OPERATE & RELEASE VOLTAGE—Maximum pull-in at 25°C is 
75% of nominal voltage. Minimum dropout at 25°C is 3% of 
nominal voltage. 

BREAKDOWN TEST—1000v, rms, 60 cps, is standard. 

COILS—Coil resistances for typical voltages are shown below: 


VOLTAGE 1-8 LEVELS 9-12 LEVELS 
Vac OHMS OHMS 
6 1.5 1.5 
12 6 6 
24 24 20 
48 100 70 
60 150 100 
110 600 400 


MECHANICAL DATA 

OVERALL DIMENSIONS—Length (maximum)—4-5 /16in. Height 
(1C interrupter, 1C O.N.S.)—2% in. Width—from 1-5/16 in. for 
3 leveis to 2-13/16 in. for 12 levels. 

NET WEIGHT—From one pound for 3 levels to 1% pounds for 
12 levels. 

BANK CONTACT—Standard is phosphor bronze. Also available 
are coin silver or gold plated phosphor bronze. 

MAXIMUM BANK LEVELS & PILEUPS 


Type of operation (points) 10 30 
Bank levels maximum (electrical) 12 4 
Interrupter springs 6 6 
Off-normal springs 6 6 
Number of ratchet teeth 30 30 


WIPERS—Standard wipers are non-bridging phosphor bronze 
with coin silver and gold-plated phosphor bronze available in 
either non-bridging or bridging models. 
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double 


corrosion 
protection 


on Aluminum, Magnesium and Zinc-plated parts 


with : 


IRIDITE) 


CHROMATE CONVERSION COATINGS 





and 





CLEAR PROTECTIVE COATINGS 


Here's a fast, easy way to practically 
double corrosion protection on your 
products. Simply follow the Iridite 
process with an application of 
Irilac. You give parts extra protec- 
tion from corrosive conditions, 
added abrasion resistance, longer 
shelf or storage life, protection from 
finger marking and increased beauty 
for a more attractive appearance 
and faster sales. 


ON ALUMINUM—An Iridite-Irilac fin- 
ish provides long life under many 
service conditions. Iridite colors 


lated and analyzed; principles of 


testing are given; specifications are 
summarized, Glossary and Bibliogra- 
phy included. Author is Dr. Irwin 
Vigness, Head, Shock and Vibration 
Branch, Mechanics Division, U. S. 
Naval Research Laboratory. $1.00 


Key to Metals in Design Engincerin,, 


May 1959, 24 pages. Basic principles 
of met tallurgy are presented and struc- 
tural characteristics of metals related 
to design concepts. Physical and me- 
chanical properties of metals defined. 
The nature and specifications of metals 
are detailed for better understanding 
of current literature. The effects 
of environment and mechanisms of 
damage are illustrated. Iron and steel, 
alloys of aluminum, precious and rare 
metals, copper, nickel and magnesium 
are presented in their basic design re 
lationships to fundamental properties. 
Written by S. H. Avner, N.Y.C. Com- 
munity College, and Harold E. Barkan, 
Associate Editor, Evectrnica, Manv- 
FACTURING $1.00 


ileat Flow Theory, April 1959, 20 pages. 


A concise review of the major ana- 
lytical techniques developed over the 
years to solve heat flow problems. 
Basic equations for conduction, con- 
vection and radiation are derived. 
Dimensional analysis is used to estab- 
lish the parameters and the various 
“numbers” (Reynolds, Prandtl, Nusselt, 
Graetz, etc.) involved in convection 
expressions. Empirical equations are 
solved using simulated experimental 
data. Examples are chosen from elec- 
trical and electronic (transistor) appli- 
cations. Written by Allan D. Kraus, 
an electromechanical engineer at 


range from natural aluminum to 
golden yellow. Additional dyes give 
other color ranges. 


ON MAGNESIUM—Irilac over Iridite 
15 increases protection, resists 
damage from handling or abrasion. 
Color range—light to dark brown. 


Sperry Gyroscope Company. $1.00 


Fundamentals of Ferromagnetism, March 
1959, 32 pages. A new approach to 
the study of magnetism, derived from 
modern solid-state physics. Explains 
magnetic behavior and properties of 


ON ZINC—Iridite plus Irilac gives magnetic materials in terms of fun- 
longer product life, brighter ap- damental electron interactions. In- 
pearance. Color range—clear Iridite cludes: Origins of Ferromagnetism; 
to olive drab, plus colored dyes. Internal Structure of Ferromagnetic 





Materials; Magnetization Curves; Time 
Effects in Soft Materials; Effects of 
IRIDITE—chromate conversion coatings for non-ferrous metals applied by dip, brush Atomic Ordering in Alloys; Interac- 
or spray, at room temperotures manually or with avtomatic equipment. Provides tions for Heterogeneous Systems; Mag- 
corrosion resistance, o bose for paint or decorative appearance. Forms a thin film netic Materials of the Present and Fu- 
integral with the metal. Cannot chip, ficke or peel. No special equipment, exhaust ture. Written by Anthony Arrott and 
sytems or spedieily trelned pasrennel required. J. E. Goldman of The Scientific Lab- 
RILAC—Cleor protective coctings for all metals. Safe and easy to handle os water, oratory, Ford Motor Co. $1.00 
Apply by dip or brush. No exhaust or special fire prevention equipment required. r 

Adds protection and abrasion resistance to base metals, plated ports or ports 


treated with electrolytic or chemical post treatments without chemical change. Using Fourier Analysis in Design, Feb- 


ruary 1959, 16 pages. In system and 
subsystem design, Fourier analysis per- 
mits the design engineer to design or 
select devices for a particular transient 
performance solely on the basis of their 
steady-state sinusoidal performance 
A thorough theoretical background on 
Fourier analysis is presented plus a 
discussion of the areas of application 
with specific examples to point up par- 
ticular problems often encountered 
Written by Ira Ritow, Airborne Instru 
ments Laboratory. $1.00 


(Continued on page 180 





For complete technical information on IRIDITE or 
IRILAC coatings, write for FREE TECHNICAL MANUAL. 
Or, see your Allied Engineer. He's listed under “Piat- 
ing Supplies” in the yellow pages. 


>< Allied Research Products, Inc. 


4004-06 EAST MONUMENT STREET © BALTIMORE 5, MARYLAND 

BRANCH PLANT, 400 MIDLAND AVENUE © DETROIT 3, MICHIGAN 

Wee Cows iwensee for Process Chemicaie | M Butcher Co 

_ Fur apace Agen! Shere Cronberger Stergeter '2 Stecthate Sweden 
Chemo! ond Electrochem o! Processes. Anodes, Recttiers, Equpmenw ond Supphe: for Mato! Fresheng 


ens’) a3*| C*| ap" 
Chromates Coatings Brighteners Supphes Equipment 
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Have you ever 
attended a Lamb Electric 


MOTOR CONFERENCE? 


If you are planning a new product that will require a Special 
Fractional Horsepower motor . . . a Lamb District Engineer will set up a 
“Personalized Motor Conference”’, just for you. 

Result: The RIGHT MOTOR produced at the most favorable cost. 
THE LAMB ELECTRIC COMPANY « KENT, OHIO 


A Division of American Machine and Metals, Inc. 
in Canada: Lamb Electric — Division of Sangamo Company Ltd. — Leaside, Ontario 


Gb @ 2. 


Divisions of American Machine and Metals, inc., New York 7, New York TROY LAUNDRY MACHINERY 
RIEHLE TESTING MACHINES * DE BOTHEZAT FANS * TOLHURST CENTRIFUGALS © FILTRATION ENGINEERS © FILTRATION FABRICS 
NIAGARA FILTERS * UNITED STATES GAUGE * RAHM INSTRUMENTS * LAMB ELECTRIC CO. * HUNTER SPRING CO. « GLASER-STEERS CORP. 
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i 
i ) mia U i= 
of Voltage Tolerance with 
NLS Series 50 Comparators 


NEED TO DETERMINE IF INPUT 
VOLTAGES ARE WITHIN PRESET 
LIMITS? Within 90 milliseconds, 
NLS transistorized voltage compar- 
ators indicate voltage tolerance 
through colored bulbs . . . and trans- 
mit go/no-go commands to electri- 
cal control and warning systems. 
Here are complete voltage compari- 
son systems in single, compact 
packages — ready to use in a wide 
range of applications in automatic 
go/no-go testing, decision making, 
and automatic control. Model 50 is 
for manual limit setting—Model 51 
for applications where limits are 
already in analog voltage form. Also 
available are Programmed Compar- 
ators for remote control of limits in 
automatic systems. Write NLS. 


MODEL 50 SPECIFICATIONS: Ranges: 
+9.999/+99.99/+999.9 volts... +0.01% 
accuracy easily checked against external stand- 
ard cells . . . 10 megohms input impedance 

threshold sensitivity: +0.005% of full scale, 
each range . . . indicating speed: 90 millisec- 
onds .. . 344” high by 15%” deep for 19” rack. 


Originator of the Digital Voltmeier 


non-linear systems, inc. 


DEL MAR (SAN DIEGO), CALIFORNIA 
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COMPENDIUMS 


Automatic Control System Design, 64 


pages plus cover. A practical textbook 
complete as to theoretical detail, on 
the design of servomechanisms. In the 
process of describing design by trans- 
fer function, system equation, and root- 
locus methods, techniques of analysis 
such as Bode diagrams, Routh’s cri- 
terion, and Nyquist plots are also pres- 
ented. Includes background material 
on complex variables and Laplace 
transforms, bibliography for further 
study. Originally published in Exsc- 
TRICAL MANUFACTURING as a series of 
six articles. Includes: Control System 


Representations, December 1959 issue, | 


a two-page chart showing seven basic 


control-system element classifications | 


and their various common representa- 
tions, including transfer functions, 
equivalent analog computer circuits, 
Bode diagrams, Nyquist diagrams, and 
time constants. Written by Ira Ritow. 
Airborne Instruments Laboratory. $3.00 


Engineering Applications of Boolean Al- 


gebra, 68 pages. A design guide to the 
analysis and synthesis of switching 
circuits and logic systems—both com- 
binational and sequential—in any me- 
dium: mechanical, electrical, hydrau- 
lic, electronic or solid state. Includes 
five previously published articles plus 
a never-before-published appendix. 
Written by Boris Beizer, Airborne In- 
struments Laboratory, and Stephen W 
Leibholz, Republic Aviation Corpora- 
tion. $2.00 


Slide Rule Mathematics, 20 pages plus 


4 practice slide rules printed separate- 
ly. A practical guide to the under- 
standing of the slide rule and its ap- 
plication to engineering problems, this 
combined reprint traces the logical de- 
velopment of the slide rule’s funda- 
mentals and complete concise instruc- 
tions for its use. Major topics include 
The Basic Slide Rule; Variations on 
Basic C-D Operation; Trigonometry: 
The Log-Log Scales; Vector Dia- 
grams; Hyperbolic Functions; Phasor 
Calculations; The Circular Slide Rule. 
Written by Ira Ritow. 


Five-Year Annotated Editorial Index to 


Electrical Manufacturing, 60 pages. A 
short-cut to research for design en- 
gineers. Book lists, by functional sub- 
ject classification and with succinct 
annotations, every feature article and 


major “Design Trends” short article 


published in Evecrricat Manurac 


Turinc during the 5-year period from | 
$1.50 | 


1951-1955. 


Casting Resins and Application Tech- 


niques, 52 pages. Eight previously 
published articles dealing with the 
embedment, encapsulation, and im- 
pregnation of 
components. Individual articles cover: 
property data on casting resins; eval- 


uation tests on resin systems; results of | 


environmental tests on embedded 
units; process control problems. An- 
notated bibliography of articles is in- 
cluded. 


$1.00 





circuit units and 


$2.00 | 


Aluminum wave guide 
components, large and small, 
are cast smooth, sound and 
accurate by the unusual 
foundry methods of Morris 
Bean & Company, Yellow 


Springs 25, Ohio. 


folupinus 
magnesium 
ductile irop 


foundries 
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GENERAL INSTRUMENT SEMICONDUCTOR DIVISION 


NOWV... 


10 AMPS AT 150 C.! 


GENERA! INSTRUMENT 
DIFFUSED 
HIGH POWER 
SILICON 
RECTIFIERS 


COMPLETE RELIABILITY AND TOP EFFICIENCY WITH 
LOW FORWARD DROP AND PIV UP TO GOOV... 


Semiconductor Division 
GENERAL INSTRUMENT CORPORATION 


65 Gouverneur Street, Newark 4, N. J. 
Midwest office: 6249 West Diversey Ave., Chicago 39 
Western office: 11982 Wilshire Bivd., Los Angeles 25 


GENERAL INSTRUMENT CORPORATION INCLUDES F. W. SICKLES DIVISION, AUTOMATIC MANUFACTURING DIVISION, SEMI. 
CONDUCTOR DIVISION, RADIO RECEPTOR COMPANY, INC... THE HARRIS TRANSDUCER CORPORATION, MICAMOLD ELEC- 
TRONICS MANUFACTURING CORPORATION AND GENERAL INSTRUMENT —F. W. SICKLES OF CANADA LTD. (SUBSIDIARIES) 
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FLEXITORQG sets new standards for 





Here's the latest in D-C motor design: 


Leal eae) 
resistant polyester 


..,and some 
easy-to-add 
field modifications 


A-c tachometer for speed indication A-c motor-driven blower with Magnetic disc-type brake with . 
permanent dry-type filter for d-c series or shunt, or a-c coils 
easy mounting on bearing bracket 





FLEXITORQG sets new standards for 





PERCENT HORSEPOWER 
AND TORQUE 
8 


PERCENT BASE SPEED 


LOUIS ALLIS FLEXITORGQ MOTORS 


® are rated 60° C rise for continuous operation 
® provide 1.15 service factor operating at base 


Another new product from Louis Allis ——a eee ee 


® may be operated from 300% to 400 of base 
speed at 130 load with 1.0 service factor, 
where size permits 


®@ short-time overloads of 400 can be commu- 
tated at base speed and below 


New Louis Allis 
FLEXITORQ® D-C MOTORS 


--- Offer you vastly improved commutation— 
low brush wear-—400% short-time overload capacity— 
and unmatched flexibility! 


Bear this in mind: The Flexitorg is not just another re-rated d-c motor. 

It’s all new — and it’s been designed to give you more for your power dollar — 
in superior performance, matchless field flexibility, and unrivalled economy 

of operation and upkeep. 


Advanced armature design and brush construction offers improved commutation, 
faster response, and lower brush wear. Class B insulation system provides 
exceptional thermal endurance .. . is rated for 60° C rise for continuous duty 
...and creates a barrier to moisture, acids, alkalis, and other abrasive 

and corrosive contamination. 


The net result to you is reliable, trouble-free power for constant and adjustable 
speed drives. For example, Flexitorq gives you 400% faster acceleration, plus 
much better deceleration, reversing, and speed changing. You can safely 
impose 400% intermittent and 15% continuous overloads — and the high-torque 
design is a welcome plus when you need extra power for hard-to-start machines. 
The new Louis Allis Flexitorg is lighter and more compact than previous 

d-c motors . . . lets you squeeze more power into less space . . . yet is actually 
easier to service! Brushes and entire brush-holder assemblies can be quickly 
inspected and removed without major disassembly. And since brush springs remain 
conveniently attached to the brush holders, brush changing is a simple affair. 
Flexitorg d-c motors are available in sizes from 1 to 400 hp — in various 
enclosures. See your nearby Louis Allis District Office for information and 
application help. Or write for Bulletins 3150 and 3200 to The Louis Allis Co., 
428 E. Stewart Street, Milwaukee 1, Wisconsin. 





MANUFACTURER OF ELECTRIC MOTORS AND ADJUSTABLE SPEED DRIVES 


LOUIS ALLIS 


oc-216 





Helical single. double, and 
triple reduction gear units Circle 193 on Inquiry Cord 
for all ratios 








LITERATURE for the Design Engineer 





All-new listings of manufacturer's literature just off the press . . . 


including 


catalogs, manuals and other reference publications relating to components 


and materials for designed-in use in electrically energized end products. 


SEMICONDUCTORS 


Twelve-page bulletin describes diodes 
and transistors, contains specifications 
and case outlines. Diodes are silicon, 
silicon reference, photodiodes, and pow- 
er rectifiers. Transistors are a-f, r-f, in- 
dustrial, switching, computer types, and 
phototransistors. Manufacturer’s post 
alloy diffusion process is described. 
Amperex Electronic Corp., 230 Duffy 
Ave., Hicksville, L. I, N. Y. 

Circle 756 on postcard at end of book 


CHOOSING LAMINATED PLASTICS 


“Laminated Plastics Selection Guide” 
combines a 12-page manual with a ref- 
erence chart of characteristics for 21 
commonly used laminate grades. Man- 
ual includes handbook information for 
specifying and ordering laminated plas- 
tics. Tables list tolerances for sheets, 
tubes, rods and fabricated parts. Glos- 
sary of terms included. Chart of lami- 
nate characteristics assigns qualitative 
and quantitative values. Taylor Fibre 
Co., Norristown, Pa. 

Circle 757 on postcard at end of book 


MAGNETIC SHIELDING OF 
TRANSFORMERS AND TUBES 
Sixteen-page revised Bulletin F-1 gives 
precise design and performance eff- 
ciency data on magnetic alloy shields 
for high-gain input transformers and 
electron-beam tubes. Shield thickness 
requirements specified in relation to in- 
tensity and frequency of magnetic 
fields. Charts show shielding efficiency 
of single- and multiple-layer containers 
of several alloys. Magnetic Metals Co., 
Hayes Ave. at 21 St., Camden 1, N. J. 
Circle 758 on postcard at end of book 


HEAT- AND CORROSION-RESISTANT 
ALLOYS 


Twelve-page “Technical Publications 
List” mentions 46 technical papers, 
articles, reprints and data sheets on 
stainless and heat-resistant castings. 
Categories include: alloy selection, ap- 
plications, research, engineering data, 
fabrication, foundry practice, metallur- 
gical structure, properties, testing 
methods, etc. Alloy Casting Institute, 
1001 Franklin Ave., Garden City, N.Y. 

Circle 759 on postcard at end of book 
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MAGNETIC AMPLIFIERS 

Twenty-page bulletin GEA-6930 lists 
proposed magnetic amplifier standard 
definitions and describes features and 
advantages of manufacturer's “ampli- 
stats.” Publication discusses devices in- 
cluding general-purpose toroidal-core 
amplistats and amplistat reactors, stat- 
ic-control power amplistats, 
(temperature) control amplistats and 
motor-drive reactors. Bulletin contains 


process 


outline diagrams, schematics and oper- 
ating curves. General Electric Co., 
Schenectady 5, N. Y. 


Circle 760 on postcard at end of book 


STEEL ALLOYS CHART 


Reference chart contains 55 of the more 
widely used cast alloys in the carbon, 
low-alloy and stainless groups; also 
nickel and monel. 
data plus section for design applica- 


Presents standard 


tions of each steel alloy. Lebanon Steel 
Foundry, 82 Lehman St., Lebanon, Pa. 
Circle 761 on postcard at end of book 


INSULATING VARNISH 


Silicone-base varnish, for use as a pro- 
tective coating for electronic compon- 
ents, is described in two-page Bulletin 
A-100. 
sorption, acts as insulator, and is suited 
for protectively coating transformers, 
coils, capacitors, resistors and printed 
circuit boards. Varnish has low curing 
temperature, high operating tempera- 


Varnish reduces moisture ab- 


ture and fungicidal properties. Special 

Products Dept., Melpar, Inc., 3000 

Arlington Blvd., Falls Church, Va. 
Circle 762 on postcard at end of book 


A-C POTENTIOMETERS 

Product design guide, 12 pages, de- 
scribes the “Vernistat” a-c 
meter. Contents are: Introduction, Ap- 
plications, Mechanical Operation, Non- 
linears, Design Information, plus brief 
Vernistat Div., Perkin- 
Main Ave.. Norwalk, 


potent io- 


specifications. 
Elmer 
Conn. 


Corp., 
Circle 763 on postcard at end of book 


LIMIT SWITCHES 


Data Sheet 171 presents two pages of 
information on the 400 EN sealed limit 
switch which features a “46 in. diam 


includes a 
Data sheet 


Switch series 
choice of actuator styles. 
has diagrams, photographs and descrip- 
tive information. Micro-Switch Div., 
Minneapolis-Honeywell Regulator Co., 
Freeport Hil. 

Circle 764 on postcard at end of book 


housing. 


WELDING OF NEW METALS 
Reprints of article “Which Welding 
Process for the New Metals” (ADR- 
123), is reprinted from the October 
1959 issue of Metalworking magazine. 
Article reviews problems involved in 
joining newer metals and alloys such 
as: PH stainless steel, ultra-strength 
steels, rene 41, beryllium, zirconium, 
molybdenum, tantalum and columbium. 
Air Reduction Sales Co., 150 E. 42 St.. 
New York 17, N. Y. 

Circle 765 on postcard at end of book 


POWER SUPPLIES 


sulletin NPB 104, one page, introduces 
two power supplies. First is solid-state 
unit with 115-volt, 400-cps input and 
output of 100 0.1 volt at 65 to 125 
ma d-c. Second has 108- to 132-volt 
input and output of 200 volts at 100 to 
200 ma, 47 to 420 cps. Hermetic Seal 
Transformer Co., Special Products Div.. 
2925 Merrill Rd.. Dallas Texas. 

Circle 766 on postcard af end of book 


INSTRUMENTATION AMPLIFIERS 


Data Release 304, two pages, reviews 
a line of chopper-stabilized solid-state 
amplifiers. Series 1600 amplifiers have 
either internal or external feedback 
Sixteen units fit in 19 x 3‘ 
in. rack space. Burr-Brown Research 
Corp.. Box 6444. Tu son, Ariz 

Circle 767 on postcard at end of book 


EPOXIES IN THE FOUNDRY 


Ten applications of plastics in the 


networks. 


foundry are outlined in eight-page bro 
chure. Blow core boxes, loose pieces 
spotting slugs, match plates, core sticks 
cope and drag patterns, fillet pastes 
and pattern coating resins are some ap 
plications. Furane Plastics, Inc., 4516 
Brazil St.. Los Angeles 39 

Circle 768 on postcard at end of book 


DIALS AND NAMEPLATES 


Four-page brochure illustrates and de 
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NEW SMALL MAGNETIC STARTER 


COSTS LESS, SAVES SPACE 
ON LOW-HORSEPOWER JOBS! 


Square D NEMA Size oo 
Starter Rated %4 to 2 Hp 
for 3-Phase Service 




























e You no longer need to buy more 
starter capacity than you can use for low- 
horsepower jobs! This new Square D 
Size OO starter is compact, easy to in- 
stall, simple to use and maintain—and 
it costs 18% less than the Size O starter 
you formerly had to specify to get the 
advantages of magnetic control! With 
sounme no sacrifice in quality, this new starter 
pend oT provides: straight-through wiring — 

aie. pressure-type terminals— 1-piece over- 
load relays for complete motor protec- 
tion—pushbutton or selector switch 
optional in the cover. Also available 
without overload relays. 


Class ro 


belt py 
ao J 


GET THE COMPLETE STORY! Write for Bulletin 
SM-297. Square D Company, 4041 North 
Richards St., Milwaukee 12, Wisconsin. 


New starter is available 
either open or in NEMA 
1 enclosure. Enclosure 


Type 
shown with selector switch 
in cover. 


wherever electricity is distributed and controlled 
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engraved dials, scales and 
panels, engraved and stamped instruc- 
tion data plates, stencils for electronic 
chassis marking, etc. J. S. Packard, 
Inc., 200 Hudson St., New York 13. 
kee 


scribes 


Circle 769 on postcard at end of book 


POTENTIOMETER TRANSDUCERS 


Bulletin of 4 pages presents specifica- 
tion data for potentiometer transducers. 
Devices for industrial instrumentation 
are applied to pressure, motion, alti- 
tude, weight, flow, indicating, record- 
ing, systems and controlling. H. E. 
Sostman & Co., 474 E. Lincoln Ave.. 
Cranford, N. J. 

Circle 770 on postcard at end of book 


HIGH-VOLTAGE POWER SUPPLIES 


Plug-in power supply Models 59 and 
61R are described in four-page bulletin. 
Schematics and curves for solid-state 
supplies are given. Standard input is 
6 volts d-c; outputs are 700 to 1500 
volts at 50 ypamp d-c minimum for 
Model 59, and 900 to 1200 volts regu- 
lated d-c for Model 61R. Components 
Corp., Nuclear Instrument Div., Den- 
ville, N. J. 

Circle 771 on postcard at end of book 


DIGITAL METERS 
Twenty-page bulletin on Series 20 solid- 
state digital voltmeters, ratiometers and 






ohmeters contains wiring diagrams and 
application photos. Booklet is divided 
into sections on major features and 
applications of the instruments, and 
detailed information on operation, con- 
version to a-c and low-level d-c meas- 
urements, data-logging accessories, 
specifications and diagrams for output- 
input connections and remote control. 
Non-Linear Systems, Inc., Del Mar, 
Calif. 

Circle 772 on postcard at end of book 


MACHINABLE COPPER ALLOY 
Eight-page Handbook C-17 gives pro- 
perties of sulfur-copper alloy with 
machinability rating of 90, good hot 
and cold workability, and electrical 
conductivity of 96 per cent IACS. 
American Metal Climax, Inc., Amco 
Div., 1270 Sixth Ave., New York 20, 
N. Y. 

Circle 773 on postcard at end of book 


CONTROL SYSTEMS AND 
COMPONENTS 


Electromechanical control systems and 
components for use on a wide variety 
of production machinery are described 
in six-page Bulletin EE-1008. Folder 
contains information on point-to-point 
control systems, speed-control systems, 
fractional and _ integral - horsepower 


servo systems, and _ control-system 


components. Seneca Falls Machine Co., 


© 
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Dennison Industrial Crepe Paper 
proves best in these applications 


As field coil insulation 


Electronics Div., 12 Fyfe Bldg., Seneca 
Falls, N. Y. 
Circle 774 on postcard at end of book 


INDUSTRIAL X-RAY UNITS 


Twelve-page booklet, “Norelco Non- 
Destructive Testing Equipment,” con- 
tains engineering facts and specifica: 
tions for many X-ray test units fo. 
radiography and fluoroscopy. Philip» 
Electronic Instruments, 750 So. Fulton 
Ave.. Mount Vernon, N. Y. 

Circle 775 on postcard at end of book 


ADJUSTABLE-SPEED DRIVES 
desc r ibes 


Bulletin V-], four pages, 
shunt-motor drives which insure 1 to 2 
per cent regulation without tachometer 
feedback to control machine tools and 
special-purpose machinery. Drives fea 
ture static feedback control which can 
automatically be reset to follow an un- 
limited number of input signals to 
change speed or mode of operation 
Drives available with ratings from ‘40 
to 3 hp. Manufacturing Div., Electronic 
Controls Inc., 85 Magee Ave., 
ford, Conn. 


Circle 776 on postcard at end of book 


Stam 


INSULATING VARNISH 

Six-page Bulletin SV-116 presents prop- 
erties and performance data on Isonel 
31 modified-polyester insulating varnish. 
High heat resistance makes varnish ef- 





in automobile starters and 
generators and fractional horsepower motors, Dennison 
Crepe Paper Tape costs about 40% less than varnished 
cotton. It stretches to shape ... hugs corners and leads 
... prevents voids . . . reduces likelihood of grounds... 
often eliminates need for varnishing and baking. 


As armature or phase insulation for automobile 
starters and generators and fractional horsepower motors, 
Dennison Crepe Paper Ta 
plain cloth, varnished cambric, rag and fish paper, coarse 
secondary and mill crepe. It costs less 
cloth and cambric. It eliminates need for crescent-shaped 
strips and cupped washers. No skeleton waste. 


As transformer insulation in oil-filled units of all types 
. . « power, distribution, r 
potential transformers . . 
in tape or sheet form, is used for a great variety of 
insulation jobs. Its lower cost, lack of contamination, 
high dielectric coupled with high tensile strength, edge 
tear resistance and stretchability make it the ideal 
replacement for any Class A material now used. 


Investigate! Dennison Crepe Paper Tape, made of 
saturating and high-density grades of electrical kraft 
comes in a wide range of stretches, widths and thicknesses 
... and dielectric strengths up to 1500 volts. 

Write for complete data today. 


is replacing varnished or 


r pound than 


ulator instrument and 


. Dennison Industrial Crepe, 


Helping you compete 
more effectively 


MANUFACTURING COMPANY 
Framingham, Mass. +« Drummondville, Quebec + Offices in Principal Cities 
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NEW PROTECTION AND COST SAVINGS 


with MickERs. CapriVoirt. 
SURGE PROTECTORS for Silicon Rectifiers 


Chart below shows the remarkable savings with-just one 
of these low-cost devices. 


O 


GUARD SILICON 
RECTIFIERS 
AGAINST 
BREAKDOWN 
FROM TRANSIENT 
HIGH VOLTAGES 


REDUCE INITIAL 
RECTIFIER COST 





ACTUAL SIZE 


To protect silicon rectifiers against destructive voltage 
surges, design engineers are using rectifiers rated con- 
siderably higher than the normal operating level. This 
is a costly practice, and doesn’t always guarantee reliable 
rectifier performance and freedom from breakdown. 
The new Vickers CaptiVott Surge Protector, with 
its non-linear resistance characteristics, eliminates the 
need for extreme derating of cells... assures greater 
reliability and longer rectifier life. Connected across the 
secondary of the transformer supplying AC to the 
rectifier circuit, the CaptiVoLt absorbs excessive inter- 
mittent energy up to 3000 watts. Extreme decrease in 
CaptiVoLt resistance with small increase in voltage 
. protects the rectifier. 
Under normal operating voltages the high resistance 
of the surge protector consumes less than 5 watts. 


shunts destructive voltages . . 
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The CaptiVott has been field tested for more than a year, 
laboratory surge tested for more than 20,000,000 cycles. 


STANDARD TYPES AND RATINGS 





‘if fan cooling ot velocity of 600 LFM is employed, multiply watts 


by two (2). EPA 3130-1 


ORDER SAMPLES TODAY—One-Day Shipment 
Bulletin 3135-1 Also Available 


VICKERS INCORPORATED 


DIVISION OF SPERRY RAND CORPORATION 


ELECTRIC PRODUCTS DIVISION 
1803 LOCUST STREET / SAINT LOUIS 3, MISSOURI 
Sales Engineering Offices: 

BOSTON (Rep.)—CEdar 5-6815 ST. LOUIS—CEntral 1-5830 
CHICAGO — JUniper 8-2125 ST. LOUIS (Rep.)—JAckson 1-4877 
CLEVELAND—EDison 3-1355 SYRACUSE (Rep.)—GRanite 4-4889 
DETROIT—TOwnsend 8-5100 LOS ANGELES—DAvenport 6-8550 
SAN FRANCISCO (Rep.)— NEW YORK CITY—LEnnox 9-1515 


Fireside 1-3433 WASHINGTON, D. C.— 
EXecutive 3-2650 





| fective for Class F, B or A equipment, 
| Graphs, tables and applications are 
| included. Schenectady Varnish Co. 
| Inc., Schenectady 1, N. Y. 

Circle 777 on postcard at end of boos 


TIME-DELAY RELAYS 


Catalog on thermal time-delay relays is 
now available. Folder containing sep- 
arate sheets gives part numbers, time- 
delay ranges, and voltages. Thermal 
| Controls, Inc., 43 River Rd., No. Arling- 
| ton, N. J. 

Circle 778 on postcard at end of book 





| CHOPPER AND INPUT/OUTPUT 

| TRANSFORMERS 
Catalog page F-1800 illustrates and 
gives complete technical specifications 
as well as typical application schematics 





Need tough, uniform, accurate ceramic parts— oo GR Gaeey Scmmmanten Canes 
é c Z ‘ and associated series A-1500 input/out- 
then it will pay you to talk to Wisconsin Porcelain Co. put transformers. James Electronics 


Inc., 4050 No. Rockell St., Chicago 18. 


Wisconsin Porcelain parts can select porcelain, refractory, steatite Circle 779 on postcard at end of book 
help you guard against profit-eating or filter body parts suited to your EPOXY RESINS 


“Electrical Resins Selector” features 


fective or irregular ceramic parts. sain 
E” series of epoxy formulations for 


Send a sample or blueprint. 
Expert engineering assistance is You'll get a prompt answer on 
yours for the asking to help you materials, prices, delivery. 


potting, impregnating, dipping and 


' 
production slow-downs due to de- requirements. | 
coating electrical and electronic parts, 


WISCONSIN PORCELAIN CO. © 115 Market St., Sun Prairie, Wis. | Products and assemblies. Under sep- 
In the Chicago Industrial Area... Serving the arate classifications appear rigid and 


Electrical and Electronic Industries since 1919. flexible resins, thixotropic pastes, 
Circle 197 on inquiry Card varnishes and polyurethane foam-in- 


place materials. Publication intended 


Sudcnaais 





as broad overall introduction to avail.- 


















as : 
| IMPEDANCE COM PARATO RS able resins. Marblette Corp., 37-31 30 
i St., Long Island City 1, N. Y. 
i Circle 780 on postcard at end of book 
| PRECISE, RELIABLE AND RAPID COMPARISON OF COMPONENTS os 
VOLT-AMP METER 
® Tests resistors, conciensers, 
inductors . : Solid-state meter Model VA-100A is 
© Percentage deviati described in two-page data sheet. Po- 
i “ hand .o. ou: ie tentiometric voltmeter measures d-c 
: . arg voltages to +0.05 per cent absolute 
© Rapid response — no buttons accuracy and currents to +0.1 per cent. 
to push Instrument operates on 117 volts, 60 
® High accuracy and stabiiity cps. Calibration Standards Corp., 1130 
® Self calibrating — requires no W. Fifth Ave., Pomona, Calif. 
recalibration when changing Circle 781 on postcard at end of book 
S TUNGSTEN ALLOYS 
MODEL 60 MODEL 1010 Eight-page bulletin presents alloys with 
densities of 17 to 18.5 gm/cc. Proper- 
<0 on Saher 3 KC or 10 KC ties, applications, fabrication methods, 
+3%, 5%, +10, +20% +5%, 10%, £20% with available sizes and shapes of three 
grades, are given. Kennametal Inc., 
ee ——, ea — Latrobe, Pa. 
le mid. mmic. to mid. io 
15 millihy. t 10,000 hy. tga vad sig —~ Circls 782 on postcard at end of book 
NYLON PARTS 
oustn meee see Six-page catalog illustrates nylon parts 
MODEL BRIDGE VOLTS FULL SCALE RANGES available from stock molds. Among as- 
1000 2.5V-1000 CPS +1, 5, 10% Representatives sortment are numerous bushings, wash- 
_—— sao 2% 1. an in Principal ers, rollers, gears, bearings, glides, etc. 
ons = as +1, se Cities Many parts can be supplied in du Pont 
ie eee Delrin as well as nylon. Nylomatic 
INDUSTRIAL TEST EQUIPMENT CO. ae 133 W. Trenton Ave., Morris- 
Ue Tare eee | Ville, Ba. 
nS A aM ind nl | Circle 783 on postcard at end of book 
VISIT OUR BOOTH NO. 433—WESCON 1960 (Continued on page 190) 
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CLIFF BROWER 


“National”, ‘‘N" and Shield Device 
“Union Carbide” are registered 
trade-marks for products of 
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Generator brushes wearing too fast? 





Your UR arionat brush man showed this 
electroplater how to double brush life! 


PROBLEM: Rapid brush wear was limiting generator 
performance. 


RECOMMENDATION: “National” Brushes Grade BGX. 


RESULTS: Not one commutator has been stoned or 
turned in five years. Brush wear has been even, 

with no selective action or overheating — even up to 
20% overloads. Brush life has been doubled. 





Contact your “National” Brush Man 


NATIONAL CARBON COMPANY gf: 


Division of Union Carbide Corporation » 270 Park Avenue, New York 17, New York CARBIDE 
IN CANADA: Union Carbide Canada Limited, Toronto 
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Light as aluminum, structurally 
strong, exceptional chemical prop- 
erties and high insulation resistance 
—this tubing is superior to many 
other materials. 


In numerous applications, imagina- 
tive engineers are improving their 
products with Clevelite...and at 
lower cost. 


CLEVELITE CAN BE... 





Write for a copy of our descriptive brochure. 


more engineers 
are discovering BRAND NEW 
USES for low cost 


EVELITE* 


laminated phenolic tubing 








PHYSICAL PROPERTIES 
















.090"" to 8.000°" 
1175"" to .250°° 
’’’ to 8 feet 


Inside diameter 


Woll thickness 













Heot resistonce 
Specific gravity 


Acetone extraction 





0.98—1.10 







Notural & Block 






*Reg. U. S. Pat. Off. 


THE 
sassornees: GLEVELAND CONTAINER <= 
CHICAGO COMPANY vee 
tos anceces 6201 BARBERTON AVE, CLEVELAND 2, OHIO SALES OFFICES: 


PLYMOUTH, WISC. 
JAMESBURG. N. J. 
FAIR LAWN. NWN, J. 


NEW ENGLAND: R. S. PETTIGREW 4 CO. 
10 N. MAIN ST., W. HARTFORD, CONN. 


NEW YORK AREA: MURRAY SALES CO. 
604 CENTRAL AVE.. EAST ORANGE. N. J. 


PHILADELPHIA: MIDLANTIC SALES CO. 
9 E. ATHENS AVE., ARDMORE, PA. 
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ABRASIVE DIVISION at CLEVELAND, OHIO 


REPRESENTATIVES: 


CHICAGO AREA: McFARLANE SALES CO. 
5950 W. DIVISION ST., CHICAGO 
WEST COAST: COCHRANE ELECTRONIC SALESCO. 
544 S. MARIPOSA AVE., LOS ANGELES 
CANADA: PAISLEY PRODUCTS CO. LTD. 
36 UPTON RD., SCARBOROUGH, ONT. 


NEW YORK 
WASHINGTON 
MONTREAL 
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TEMPERATURE CONTROLS 


Twelve-page Bulletin 108 explains 
operation, circuitry and safety features 
of three basic types of thermocouple- 
actuated Simplytrols, including propor- 
tioning model that is capable of hold- 
ing temperature to +1 deg F of set 
point. Other types are manual reset 
and automatic ON-orr controls. Assem- 
bly Products, Inc., Chesterland, Ohio. 

Circle 784 on postcard at end of book 


POWER SUPPLIES 


Booklet E60, 16 pages, lists solid-state 
power supplies, magnetic-amplifier- 
regulated power supplies, missile test 
and launching power supplies, and 
magnetic-amplifier/ transistor-regulated 
power supplies, as well as semi-regu- 
lated units, filter packs, etc. Perkin 
Engineering Corp., 345 Kansas St., El 
Segundo, Calif. 

Circle 785 on postcard at end of book 


ELECTRONIC TRANSFORMERS 


Catalog TR-61 contains 35 pages of 
information on transformers for ap- 
plications ranging from transistor cir- 
cuits to vacuum-tube power supplies. 
Triad Transformer Corp., 4055 Red- 
wood Ave., Venice, Calif. 


Circle 786 on postcard at end of book 


INSULATING TUBING 


Engineering data on “Alphlex” tubing 
line (including electric strength, tem- 
perature rating, flammability and Mili- 
tary specifications) is available in an 
eight-page catalog. Line consists of 
plastic tubing, plastic-impregnated 
glass-fiber sleeving, extruded plastic 
tubing, and silicone-rubber glass fiber, 
varnish-impregnated tubing, TFE-fluoro- 
carbon extruded tubing and silicone- 
rubber extruded tubing. Alpha Wire 
Corp., 200 Varick St., New York 14, 
Me Be 

Circle 787 on postcard at end of book 


GEARING SYSTEM 


Eight-page descriptive pamphlet intro- 
duces “Helicon” gears which are ap- 
plicable through a ratio range from 
3:1 to 400:1. Gear system relatively 
insensitive to mounting errors. Gears 
can be made in range of diameters for 
light or heavy loads, including hardep- 
ed-steel pinions and gears for power 
transmission. Spiroid Div., Illinois Tool 
Works, 2501 No. Keeler Ave., Chicago 
39. 

Circle 788 on postcard at end af book 


BALANCING MACHINES 


Static-dynamic balancing machines are 
described in 20-page Bulletin 60. Bul- 
letin describes compensator and piv- 
oted-cradle machines. Dissertation on 
nature, causes and correction of un- 
balance with descriptions and schem- 
atic diagrams of four different balanc- 
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To OEM's who want to 
reduce the size of 
their control panels 


The small size of General Electric panel 


components offers OEM’s the opportunity 


to reduce the size of their panels up to 


40%. Consider these 


Example 1: Suppose you lay out a 
panel—including several size l‘or 2 
starters or contactors—and the de- 
vices you choose fill up 900 square 
inches of space. To meet JIC stand- 
ards, you must then enlarge your 
panel to 1170 square inches (add- 
ing 30% of clear panel mounting 
space). Because General Electric 
starters and contactors in these sizes 
are from 10 to 50% smaller than 
those of major control suppliers, 
you can avoid enlarging your panel 
beyond 900 square inches by using 
G-E devices. And you can still meet 
the standards and save on the sheet 
metal and labor required for a larger 
panel. 

Example 2: If you build motor con- 
trol centers in 7-, 9'%4-, and 14-inch 
modules, you can stack General 
Electric size 2 starters eight com- 
partments high. (This compares to 
five for most leading control man- 


two examples: 


ufacturers.) Thus you can save in 
steel work and up to 40% in the 
user’s floor space. 


Similar advantages of small size, 
minimum wiring time, mounting 
convenience, and fast delivery are 
available with not only starters and 
contactors but also with General 
Electric relays, pneumatic timers, 
and push buttons. You can get some 
of these advantages from other man- 
ufacturers of panel components, but 
General Electric offers all these 
measurable advantages— and the 
greatest over-all savings to you. 


For more information, contact 
your General Electric Apparatus 
Sales Office or request bulletins 
GEA-7020 (magnetic starters), 
GEA-7021 (relays), and GEA-5779 
(oil-tight push buttons) from Gen- 
eral Electric Company, Section 811- 
09, Schenectady 5, N. Y. 


You get MEASURABLE ADVANTAGES 
WITH GENERAL ELECTRIC CONTROL 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


JULY 1960 
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SIZES 0 AND 1 STARTERS are 42% smaller 
than previous forms and about the same 
height as G-E 4- and 6-pole machine 
tool relays. Straight-through wiring 
means no looping of wiring around sides; 
only '%-inch side spacing required be- 
tween starters. 


SIZE 2 STARTERS are 34% smaller than 
previous forms; can reduce your panel 
space by 1/3. Wiring, coil, contacts, and 
overload relays are all accessible and 
removable from the front, eliminating 
need for extra space around the device. 


COMPACT RELAYS save space, simplify 
installation and inspection. Less wiring 
room is needed because all terminals are 
in front. Machine tool relays are avail- 
able in 2- through 12-pole forms. 


2-IN-1 ILLUMINATED PUSH BUTTON replaces 
standard oil-tight button and light. This 
means a saving in money and a measur- 
able 50% saving in space. 
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ROT NY i 


resins as thin as 
water for fine wire 


impregnation 


Now with ““Scotcucast” Brand 
Epoxy Resins you can completely 
impregnate even the finest, most 
tightly packed wire coils. These thin- 
as-water resins eliminate voids and 
hotspots, offer excellent electrical 
insulation, and assure a cooler run- 
ning more shock resistant unit. They 
enable you to furnish your customers 


|} 3M Company, Dept. EAB-70 
900 Bush Ave., St. Paul 6, Minn 


a more reliable component. 
**SCOTCHCAST”’ Brand 
Epoxy Resins, manu- 
factured under strict 
quality controls and 
tested for performance 
under exacting stand- 


pP-——-—-~-——-—-—- CLIP AND MAIL TODAY 


ards, are available to meet your every 
impregnating requirement. Room 
curing or heat curing . . . rigid or 
flexible . . . filled or unfilled—all are 
supplied as complete systems, pre- 
measured, in ready-to-use two or 
one-part systems. 

Discover how these low viscosity 
“SCOTCHCAST” Brand Resins can 
improve your present 
insulating methods. 

Ask your regular 
3M _ Representative 
for more information 
or send in the coupon 
below. 


GENTLEMEN: Send me free information on these low viscosity 


“Scotcucast” Epoxy Resins 
[) “Scorcucast” No. 3—a two-part short cure resin 
“ScoTcHcast” No. 250—a two-part resin for class 
“ScoTCHCAsT” No. 241 —a two-part filled semi-flexible 
“Scotcucast” No. XR-5029—a one-part class F flexible resin 


a two-part semi-flexible resin 
F and H applications [} 
resin 
of “Scorcucast”’ Epoxy Resins 


NAME 


COMPANY 


ADDRESS _ 


“ScoTcHcast™” No. 235— 


Catalog 


STATE 


merawaneranasenasanasanasanananananal 
SCOTCHCAST §5 A REGISTERED TRADEMARE OF 34 CO 


ST. Paul 6. wine 


Mitmnesora [fftmine ano [ffanuracrunine company 
+++ WHERE RESEARCH IS THE KEY TO TOMORROW 
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ing methods is given. Tinius Olsen 
Testing Machine Co., 325 Easton Rd.. 


Willow Grove, Pa. 
Circle 789 on postcard at end of book 


MICROWAVE ABSORBERS 


All “Eccosorb” products are present- 
ed in a 4page folder in chart forn, 
Free-space absorbers, waveguide and 
coax absorbers are shown. End uses 
are illustrated or suggested. Emerson 
& Cuming, Inc., 869 Washington St., 
Mass. 

Circle 790 on postcard at end of book 


Canton, 


SOLID-STATE ABSTRACTS 


Leaflet describing a new technical ab- 
stracting service is available. Abstracts 
of papers on the theory, production and 
use of solid-state materials and devices 


- 


are printed on 3 x 5 in. index cards. 


Cambridge Communications Corp., 238 
Main St., Cambridge 42, Mass 


Circle 791 on postcard at end of book 


SPECTROPHOTOMETER 


Four-page bulletin discusses operation 
and presents specifications on Model 90 
infrared spectrophotometer. Schematic 
optical diagram is shown. Applied 
Physics Corp., 2724 S. Peck Rd., Mon 
rovia, Calif 


Circle 792 on postcard at end of book 


TRIMMING POTENTIOMETERS 


Four-page Summary Brochure 5 re 


views features of leadscrew-actuated 
Information on six- 
includes resist- 
ratings, 
operating temperatures and dimensions. 
Bourns, Inc., 6135 Magnolia Ave., Riv- 
erside, Calif 


Circle 793 on postcard at end of book 


potentiometers 
teen standard models 


ances, terminal types, power 


LOW-LEVEL D-C AMPLIFIER 


Data Sheets MA-1001 and 1002 describe 
two amplifiers with frequency response 
from 0 to 2 cps and used for tempera 
ture and Out 
puts are 0 to 5 volts d-c. Supply volt- 
ages are 115 at 400 cps or 28 volts d- 
Magnetic Research Corp., 3160 W. El 
Segundo Blvd., Hawthorne, Calif. 
Circle 794 on postcard at end of book 


strain measurements 


VACUUM GAGES 

Six-page folder 175 describes various 
gages for from 
atmospheric to under one micron of Hg. 


vacuum pressures 
Gages are compensated heated thermo- 
and are single, twin-meter or 
controller types. Hastings-Radist, Inc.. 
Hampton, Va. 


Circle 795 on postcard at ead of book 


STANDING-WAVE AMPLIFIER 

PRD 277-B standing-wave amplifier is 
described in 2-page bulletin. High-gain 
audio amplifier is used with slotted sec- 
tions in making standing-wave measure- 
ments. Full-scale sensitivity at mini- 


pile 
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Reliable operation to 150°C e« Rugged lightweight construction e« Hermetically sealed e High efficiency 


HEAVY DUTY RECTIFIER STACKS 


15—150 AMPS 


DC OUTPUT @ 55°C 
VOLTAGE CURRENT 
circuit (volts) (amps) 


TYPE NUMBER 
TH6F40G1Al 
TH6FOSGIAI 
TH4B40G1A1 
TH4B2061Al 
TH4B05GIA1 
TK6H40G1A6 


3 @ BRIDGE %6 
3 @ BRIDGE 96 
1 @ BRIDGE 78 
1 @ BRIDGE 78 
1 @ BRIDGE j 8 
1 @ HALF WAVE 40° 


“RATINGS ARE PEAK INVERSE VOLTAGE AND AVERAGE FORWARD CURRENT 
BULLETIN TE 1343 


DC OUTPUT @ 55°C 
| VOLTAGE CURRENT 
circuit | (volts) (amps) 


TYPE NUMBER 
TK6F40E1Al 
TK6FOSEIAI 
TK4B40E1Al 
TK4B20E1A1 
TK4B0SE1A1 
TK6H40E1A6 


3 @ BRIDGE 
3 @ BRIDGE 
1 @ BRIDGE 
1 & BRIDGE 
1 @ BRIDGE 
1 @ HALF WAVE 


BULLETIN TE 1343 


0—12 AMPS 


DC OUTPUT @ 55°C 
VOLTAGE CURRENT 
circuit (volts) (amps) 


STACK 
TYPE NUMBER 


TDI2S4C2A1 
TDI2F6B1A2 
TD12F4C2A1 
TO12B4C3A1 
TO12B4C1A3 
TDI2H6B1A12 


6 @ STAR 

3 @ BRIDGE 

3@ BRIDGE 

1 @ BRIDGE 

1 @ BRIDGE 

1 @ HALF WAVE 


BULLETIN TE 1342 


Now, from Transitron, industry's most 
complete line of compact, rugged silicon 
rectifier stack assemblies. Aside from the 
already popular low current TD series 


All feature high reliability under extreme 
environmental stress, give efficient, con- 
servatively rated operation in power sup- 
ply and magnetic amplifier service. 


= 


Ey 100,000 RUGGED MILES! 


Still in excellent operating condition after more 
than 100,000 miles of demanding performance, 
s . Transitron’s TH series stacks are installed in 

‘ Contact our nearest field office, distrib- the electrical circuits between generators and 
utor or write direct for specific recom- batteres of several diesel locomotives in serv- 
ice on one of the East's largest rail transporta 


mendations for your application. tion lines 


comes Transitron’s NEW HEAVY DUTY 
TK and TH series which give wide ranges of 
current and voltage ratings for military, 
industrial and commercial applications. 


OTHER 
TRANSITRON 
SILICON 


PRODUCTS 
HIGH PoweR electronic corporation 
USE RECTIFIER wakefield, boston, melrose,mass 


20 AMP ASSEMBLIES Rat: 


o uae lrangitron 


50 AMP TRANSISTORS 


conductors 








YOUR EQUIPMENT 
DESERVES BUFFALO 
QUALITY BLOWERS! 


There are 3 simple checks to be 
sure that the blowers you design 
into your product are right. Cer- 
tainly, a blower should last the 
life of the equipment. Certainly, it 
should deliver rated capacity. And 
it should be compact, trouble-free 
and efficient. 


Buffalo, builder of every type of 
fan for both Original Equipment 
and for major air handling systems, 
has designed this “Q” Factor* of 
Quality into every fan bearing the 
name. For this reason, a Buffalo 
Fan, designed for the job, is your 
assurance of superb, worry-free per- 
formance in the air-moving function 
of your equipment. 


BUFFALO 
TYPE “= 
BLOWERS 






For medium-volume, medium-pres- 
sure applications, there is no better 
buy than “E”’ Blowers. Husky 
housings, interchangeable for clock- 
wise or counter-clockwise rotation. 
Wheels available in Cast Iron, 
Stainless, Everdur, Brass or Alu- 
minum. Capacities to 5500 cfm; 
pressures to 1% psi. Compact, 
direct-connected arrangement for 
best installation. Write for Bulletin 
FI-410 and judge for yourself. 


*The “Q” Factor — the built-in 
Quality which provides trouble- 
free satisfaction and long life 


BUFFALO FORGE 
COMPANY 

214 Mortimer Street Buffalo, N.Y. 

Buftaio Pumps Div. SBuffaio, N. Y. 


Canadian Biower & Forge Co., Ltd. 
Kitcnener, Ontario 


Saies Representatives in ali 
Principal Cities 
industrial Exhausters 
Belted Vent Sets « Propelier Fans 
“8” Biowers-Exhausters 
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mum bandwidth, 0.02 microvolt. Four 
VSWR scales and a large meter. Poly- 
technic Research & Development Co., 
Inc., 202 Tillary St., Brooklyin 1, N. Y. 

Circle 796 on postcard at end of book 


SAMPLING OSCILLOGRAPHY 


Eight-page Application Note 36 de- 
scribes a method for pulse analysis of 
ultra-fast circuits—as with transistors, 
diodes, memory units, fast computer 
circuits, surveillance radars and other 
nano-second pulse applications. Note 
history of sampling technique 
and recent application to oscilloscopes. 
It also describes manufacturer's samp- 
ling oscilloscope. Hewlett-Packard Co., 
275 Page Mill Rd., Palo Alto, Calif. 
Circle 797 on postcard at end of book 


traces 


CERAMIC-INSULATED WIRE 


“Ceramic-Insulated Wire for Use in 
High-Temperature and Nuclear Envi- 
ronments” is a 19-page pamphlet. Con- 
tents include physical and electrical 
properties of such an insulation; con- 
for pot- 
ting, sealing and termination. Report 
contains illustrations and curves, Secon 
Metals Corp., 7 Intervale St.. White 
Plains, N. Y. 

Circle 798 on postcard at end of book 


ductors these environments; 


PHENOLIC MOLDING COMPOUNDS 

Technical Release 40 describes mold- 
ing materials with fast cure times and 
wide molding latitudes. BMM-7001 is 
and fines-free material for fast 
powder automatic molding, cold or pre- 
BMM-7002 | is 


Stokes granulation for plunger mold- 


dust- 


heated. supplied in 
ing with high-frequency preheat. Union 
Carbide Plastics Co., 30 E. 42 St.. New 
York 17, N. Y. 

Circle 799 on postcard at end of book 


DIODE EVALUATION 


Four-page catalog reviews a diode test- 
ing system for manufacturers and users. 
Technical data given on units designed 
to test 48% to 1344 diodes 
operation Flite-Tronics, Ine., 
3312 Burton Ave., Burbank, Calif. 
Circle 800 on postcard at end of book 


from per 


evele. 


VARIABLE TRANSFORMERS 
Bulletin 151, pages, 
low-voltage, high-current variable trans- 
formers for applications such as trans- 


eight describes 


istorized power supplies, plating-bath 
Input voltages are 
output currents are 
5, 12 and 22 amp. Ohmite Manufac- 
turing Co., 3681 Howard St., Skokie, 
il. 


power supplies, etc. 
36 volts or less: 


Circle 801 on postcard at end of book 


CAPACITOR BROCHURE 
Four-page Folder 60-1 presents minia- 
ture plastics-film capacitors for mili- 


tary and commercial applications. 
Working voltages are 15, 50, 200, 400 











SQUARE-LOOP 
TAPE CORES | 

TO MEET YOUR | 
TOUGHEST | 

SPECIFICATIONS 


Speed your specs to Dynacor § 
when you want square-loop tape 7 
cores to exact requirements—fast! © 
Here you'll find a dependable 
combination of personnel, expe- § 
rience and facilities—the know- @ 
how to deliver parameters to 
your very tightest tolerance re- 
quirements for switching time, 
flux, and noise. 

Dynacor Square-Loop Tape 
Cores are manufactured with the 
high permeability alloys—Grain- 
Oriented 50-50 Nickel Iron, 4-79 
Molybdenum Permalloy, and 
Grain-Oriented 3% Silicon Iron 

. with fully guaranteed uni- 
formity ... under rigid standards 
of control and inspection. 

Look to Dynacor for reliable 
production and swift delivery of 
your tape core requirements. For 
your convenience a full line of 
standard units are stocked for im- 
mediate off-the-shelf delivery— 
Send for bulletins DN 2000, DN 
2001, DN 2002. 


CAT SE hes AC 4 TNS TRATES Oe TREE EST ET ES 


PAC 


DYNACOR SZ 


DYNACOR, INC. 
A SUBSIDIARY OF SPRAGUE ELECTRIC CO. 
MARYLAND 


1008 = WESTMORE AVENUE © ROCKVILLE, 
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Gp) 456A AC CURRENT PROBE 


Converts ac current to 
ac voltage directly 

(1 amp =1 volt) 

for reading on your 
scope or voltmeter 


i i 


Just clamp around 


and read: em 7 


Tube circuits view current on your scope or measure it with a VTVM 


Transistor circuits’ °° °° measure small signals dynamically, without clipping leads or circuit loading; 
study diodes at breakdown 


Logic circuits measure ac current in presence of dc current 

impedance measuring °° with a dual-channel scope, measure current, voltage magnitude; phase angle 
Power measuring with dual-channel scope read current, voltage directly, calculate power 
Frequency counting* * * * se 456A with counter for clip-on frequency access 

And, how about thes¢?* ° phase comparisons of ac carrier waveforms; instrument fuse current ratings; 


cable identification, response of magnetic cores; magnetic field sensing; silicon 
rectifier peak currents 


SPECIFICATIONS ust clamp the 456A probe around a wire under test and view or read ac 
, a te nc reading up fot ampere re. The ineranent 


Seager Ot, 08 ape 89 6 wide to view 
15 frm with ne nes fo sass one direct circuit connection is - 
meon i tae rms; 1.5 amp peak — Se 
eee ea ES ee eatae circuit is 
irenty appro. 625 ohma in series with O45 ah 


Gicdnoont tiiedi-ettbiabeilics ; 
@® offers almost 400 precision test instruments 
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. «+ These properties in Cosmo Nylon 
Bobbins will end your search for a 
new way to simplify design and 
reduce your coil production costs. 


The new and modern pliant is equipped 
with manufacturing facilities and 
engineering know-how to accurately 
produce nylon bobbins that will meet 
your most exacting requirements. 


Send in your specs or write for data 
brochure and samples. 
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AT LAST-The IDEAL 
BARRIER TERMINAL STRIP 


BOTTOMS 
CLOSED 


HEAVIER 
BODY 


MATERIAL BETWEEN 
BARRIERS AT BASE 


HIGHER 
BARRIERS 


4 I oy ~~ e 
enon 


% 


CAN BE IMPRINTED 
HERE 


KNOCKOUTS FOR 
Y TERMINALS 


WIDER 


Li BARRIERS 


JONES SOO SERIES 
LONGER— STURDIER 


Wider and higher barriers for increased creepage distances. Closed 
bottoms for complete insulation. Material between barriers at the base 
adds to the strength and maintains the same creepage distance between 
contact to contact and contact to ground. Can be imprinted here. No 
insulating or marker strip required. Three series—540, 541 and 542 
having the same terminal spacing as our 140, 141 and 142 series. 
Complete listing in the new Jones No. 22 catalog. Write for your 
copy today. ; 





Strength in thin sections virtually 
eliminates breakage of coil forms 
during coil winding operation. 
High Dielectric Strength 
Resistance to heat and deformation 
Toughness 

Light Weight a 
Lasting Resilience 
Easier Handling 


SALES DIVISION OFFICES 
Arizona, California, Colorado, Connecticut, IIlinois, Massachusetts, Michigan, 
Minnesota, Missouri, New Jersey, Ohio, Oregon, Utah, Washington and Canoda 


CLEVELANO @ onio 
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and 600 volts d-c. Temperature range 
without derating, 70 to -+-250 C. 
Baleo Research Laboratories, Inc., 49- 
53 Edison Place, Newark 2, N. J. 
Circle 802 on postcard at end of book 


THERMOCOUPLES 


Brochure 602 reviews metallic-sheathed, 
hard-packed, oxide-insulated thermo- 
couples and extension wire. Optiona: 
fittings listed with diameters, 
threads, materials, etc. Marlin Manu- 
facturing Corp., 12404 Triskett Rd., 
Cleveland 11, Ohio 

Circle 803 on postcard at end of book 


are 


PULSE TRANSFORMERS 


Four-page Engineering Bulletin 40000 
contains general miniature 
pulse transformers, typical circuits, as 
well as methods for measuring trans- 
former characteristics and parameters. 
Special Products Div., Sprague Elec- 
tric Co., No. Adams, Mass. 

Circle 804 on postcard af end of book 


data on 


SOLID-STATE POWER SUPPLIES 


One-page specification sheet introduces 
high-voltage supplies PS 4221 through 
PS 4232. Outputs range from 35-215 
volts d-c at 1 amp to 115-325 volts d-c 
at 1.5 amp. Metered, rack-mounted 
supplies operate on 115 volts, 60 cps. 
Power Sources, Inc., Burlington, Mass. 

Circle 805 on postcard at end of book 


MOLDING COMPOUND 


“Tenite” polypropylene is described in 
four-page preliminary information bul- 
letin. Potential uses given are extruded 
film with good optical properties, elec- 
trical insulators, wire coating, blown 
items and monofilaments. Plastics Div., 
Products, Ine., 


Eastman Chemical 


Kingsport, Tenn 
Circle 806 on postcard at end of book 


D-C VOLTAGE MONITOR 


Preliminary Engineering Bulletin 60 
] 19 Model 20 , ] 


which has full-time precision voltage 


discusses monitor 
sensing with go/ no-go output. Contents 
of two-page publication include: fea- 
tures, general description, specifica- 
tions and outline drawing. Trio Labo- 
ratories, Inc., Dept. VM, Plainview, 


in Bigs ee Rs 
Circle 807 on postcard at end of book 


MOLDING COMPOUND 
Data folder on “Kralastic MH” de- 


scribes an injection-molding compound 
for housings and component parts for 
appliances, business machines and ap- 
plications involving 
185 F. Molded parts may be machined, 
drilled, metallized or cemented. U. S. 
Rubber Co., 1230 Sixth Ave., New 
York 20. 

Circle 808 on postcard at end of book 
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New Sylvania nickel-clad silver 20% wire 
passes the acid test—beats the heat 


— another reason why Sylvania gives unbiased recommendations on wire 


New Sylvania nickel-clad silver 20% wire has all these 
outstanding properties: excellent electrical conductivity, 
corrosion resistance superior to silver wire, ability to 
withstand temperatures up through 1500°F. As a result, 
it’s ideal for electrical hookup wire where conditions call 
for critical service, long life under oxidizing, corrosive 
or high-temperature environments. 


This new wire is available from .005” to .125" diameter, 
in a variety of tempers from dead soft to full hard. 


It is another example of how you can simplify your de- 
sign and specification problems by getting a Sylvania 
recommendation on wire. Sylvania knows wire, knows 
the particular advantages of each kind. In fact, of all 
major manufacturers, only Sylvania makes all three 
types of bare wire—alloy, clad and plated. 


Why not get full details and timesaving technical assist- 
ance today. Simply write Sylvania Electric Products 
Inc., Parts Division, Warren, Pennsylvania. 


YLVANIA 


Subsidiary of GENERAL TELEPHONE & ELECTRONICS xs) 


JULY 1960 
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Whether it’s regulating critical line | te aaa 4 
voltages aboard ship or making industrial test TERMINAL CLOCKS, PLUGS, JACKS 


equipment work better, there's a Sorensen 
line-voltage regulator to do the job. 


Sorensen a-c line regulators come in 26 
standard catalog models for every requirement 
including both the tried and true standard 
Sorensen electronic circuit and the latest 
refinements in tubeless line regulators. And 
there are militarized models, high-precision 
(+0.01%) models, 400-cycle models, a fast- 
response low-distortion model and a precision 
a-c meter calibrator covering the range from 
zero to 799.9 vac in 0.1V steps. o«e 


| Featured in 36-page catalog are term- 
inals, terminal boards and strips, ba- 
| nana jacks and plugs, and other parts 
| for military and commercial precision 
| products. Catalog also contains charts 
of information on typical values of 
| laminates. National Tel-Tronics Corp., 
| 52 St. Casimir Ave., Yonkers, N. Y. 
Circle 809 on postcard at end of book 


| INTEGRAL-HP SPEED REDUCERS 
| A 66-page publication, No. 2824, is 
illustrated with photos and contains 
selection data and rating tables for 
| fan-cooled, worm-gear, right-angle 
| speed reducers available in 25 types 
| and over 135 different sizes. Ratios 
range from 5:1 to 3600:1, with torque 
ratings to 135,000 lb-in. and hp ratings 
to 150. Link-Belt Co., Prudential Plaza, 
Chicago 1. 
Circle 810 on postcard at end of book 








ELECTRONIC MOTOR DRIVE 


Bulletin 101 reviews features of “Select- 
A-Speed” drive in sizes from %4 to 4 
hp. Speed range of d-c motor is adjust- 
able over 8:1 to within 3 per cent 


from no- to full-load. Louis Allis Co., 
| $27 E. Stewart St., Milwaukee 1, Wis. 


Circle 811 on postcard at end of book 


A-C line regulators for every job... sees“ 


heavy-gage perforated metal is out- 
lined in 40-page Brochure 8159. Data 
26 mo e Ss. ee up to 15 Va output... covers applications such as screens, 
strainers, dryers, separators, supports, 
. — guards and ventilators for electrical 
hi h recision models and electronic equipment, materials 
g p handling, and general industrial appli- 
cations. Cross Perforated Metals, Na- 

tional-Standard Co., Niles, Mich. 


... completely ae 
tubeless models Manufacturer’s 


Publications 








New Catalog. You'll find extensive technical data 
on Sorensen a-c line voltage regulators in the For these selected publications on ma- 
comprehensive new Sorensen Catalog—just off | terials, components, technical data and 
the press. Pius complete data on Sorensen d-c 
power supplies, frequency changers, high-voltage 
supplies and testers (to 600 kv)—plus extensive 
power-supply and regulator application data and 
a glossary of controlled power terms. Write for 
your copy of the new Sorensen catalog, today. 
Sorensen & Company, Richards Avenue, South 
Norwalk, Connecticut. 





engineering services, write direct to the 
manufacturers on compary letterhead, 
mentioning ELecrrica MANUFACTURING 


as your source, 







AUDIO DESIGNER'S HANDBOOK 


This 33-page booklet features a newly 
| developed, high-gain phase-splitter cir- 
CONTRO LLED cuit and a low-voltage, high-current 


output stage. Handbook contains treat- 


POWER ments of overall requirements of mono- 


phonic and stereophonic systems, fea- ' 
& SUBSIDIARY OF RAYTHEON COMPANY PRODUCTS tures of ideal amplifier, amplifier 
performance criteria, output stage, 
phase-splitter stage, voltage-amplifier 


++» THE WIDEST LINE MEANS THE WISEST CHOICE | ‘tage, preamplifier stage and power 
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DISTRIBUTORS 


For! 8. Beach Co., Pittsburgh, Po. 

Phila. (Clifton Heights) Po. 
Brooks Electrice!l Supply Ce., Inc., Baltimore, Md 
John H. Cole Company, Oklahome City, Okle 
Electricel Insulation Soles Co., Rutherford, N. 
Electrical insulation Suppliers, inc., Atlante, _ 


Expert Agent : Lionel-Essex International Corp., New York, WY 


JULY 1960 


is lamination of selected electrical 
3 materials thoroughly bonded in 
4x or triplex combinations. Typical of 
thé many Varslot materials available, for 
_fxample, is Mylar* laminated to 100% 
rag paper. Such Varslot combinations are 
supplied in rolls or sheets and in a wide 
range of thicknesses to meet almost un- 
limited specific applications. Varslot char- 
acteristics include flexibility, toughness, 
high dielectric strength and good resistance 
to deterioration under heat. Combinations 
utilizing other electrical insulating papers 
or varnish-coated Fiberglast with Mylar 
are also available. 


New Jersey Wood Finishing Company 


MANUFACTURERS OF FLEXIBLE FLECTRICAL INSULATION 


WOODBRIDGE, N. J. 


Varnished Cambric Cloth and Tapes “VARSLOT” Combination Siet Insulation: —— 
Varnished ‘‘Fibergias’’? Cloth and Tapes Rag Paper and Vertex Vernished Cambric 
Varnished Sitk and Silk Substitute Fish Paper end Vortex Varnished Combric 
Synthetic Resinous Tapes and Extruded Tubing 
Cable Wrapping Tapes 
Polyethylene, Sheets, Tapes and Extruded Tubing 
“VARSIL" Silicone Varnished “Fibergias’’t 

Cleth and Tapes 


*Mylor, Du Pont’s registered trademark tFiberglas, Owens-Corning Fiberglas registered trédemerk 
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The Friden Model SRW Calculator extracts square root at the touch of a key. 
And it’s the only calculator that can. In any work requiring frequent square 
root calculations, the SRW is an indispensable time-saver. 


At Lockheed’s Sunnyvale, California Missile and Space Division, the Friden 
Square Root Calculator has been utilized since the Division began in 1954. 
To date, this installation has purchased more than 40 SRW’s. Although the 
actual saving in dollars and cents could only be guessed at, Lockheed’s continu- 
ing re-orders attest to the usefulness of the Friden SRW. 


For a no-obligation demonstration of the Friden Square Root Calculator, con- 
tact your local Friden Man, or write: Friden, Inc., San Leandro, California. 


THIS IS PRACTIMATION: the practical application of automation principles 


to the creation and processing of source data. @ anenan,« 


SALES. SERVICE ANDO INSTRUCTION THROUGHOUT THE U.S. AND THE WORLD 


y 
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supply. Also, fourteen pages of schema- 
tics of monophonic and stereophonic 
pre-amplifiers and amplifiers. Priced at 
$1.50, copies may be obtained from 
Amperex Electronic Corp., 230 Duffy 


Ave., Hicksville, L. L, N. Y. 


SILICON RECTIFIER HANDBOOK 


Handbook of 62 pages has seven chap- 
ters covering semiconductor theory, 
manufacturing methods, rectifier char- 
acteristics, rectifier circuits, test  cir- 
cuits, rectifier and filter-circuit design, 
and application techniques. Supple- 
mentary section lists ratings and dimen- 
sions of company’s rectifiers. Send 
letterhead requests to Sarkes Tarzian, 
Inc., Semiconductor Div., Section 3002 
A, Bloomington, Ind. 


TRANSISTOR CIRCUIT 
APPLICATION REPORTS 


Index of Application Laboratory Re- 
ports covers prevailing important and 
practical applications of transistor cir- 
cuitry. Laboratory reports, listed by 
class of application, represent a se- 
lection of circuit applications currently 
receiving the broadest industrial in- 
terest. Reports cover both general tran- 
sistor application information and 
specific intelligence gleaned from 
tested circuitry. Documentation of test 
processes and results, covered by each 
of 84 laboratory reports, is supported 
by curves, equations, schematics, pro- 
jected parameters and theory. Copies 
of the index can be obtained by writ- 
ing Phileo Corp., Lansdale Div., Lans- 
dale, Pa. 


MINIATURE RELAYS 


Catalog 4, 24-pages, includes complete 
specifications on hermetically sealed 
miniature relays, information on 
mounting styles, available terminal 
types, sockets, ordering data and dry- 
circuit information. Address request to 
Filtors, Inc., Port Washington, L. IL., 
Sie 


VOLTAGE DIVISION 


An eight-page technical newsletter 
RN-360 contains an article entitled 
“Properties of Rectifier Systems and 
Means to Improve Voltage Division,” 
in which voltage distribution and vari- 
ous methods to achieve equality are 
discussed and analyzed. Write on your 
company letterhead to International 
Rectifier Corp., El Segundo, Calif., for 
a copy. 


SOCKET-SCREW REFERENCE 


Technical reference on _ industrial 
socket screws, 82 pages, includes both 
standard catalog data and extensive 
design and performance information. 
Information given on basic design and 
performance, including such items as 
recommended tightening torques, shear 
and tensile values, mechanical proper- 
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Greater 


Holding Power! 


Easier, 
More Uniform 


Automatic Assembly! 


Careful engineering and strict quality controls give 


ELECTRIX Terminals greater holding power in use. 


ELECTRIX Terminals meet and surpass rigid elec- 
trical and physical characteristic tests. Tolerances, 
especially at critical crimping points, are precisely 
uniform. Supplied in continuous strip form for use 
in dependable Electrix Automatic Attaching 
Machines, Electrix Terminals offer easier, more 
economical assembly. 


Electrix competitive prices 
save you money. 


Extremely wide range of types, sizes ond finishes. 
Write for free catalog 


Electrix 
Corporation 


ASHTON 


RHODE ISLAND 
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Unimax . 
7 FE cette 


© Long life 
@ Easy wiring 


e Wide-range 
adjustability 


Check 


Nylon bearing in roller v these 
rotating on steel stud, \ five 
ee ¥; advantages. 
gives years of service. 

Nylon insert in plunger cuts ; 

friction, minimizes side thrust, 

decreases wear on plunger bearing. 

Die-cast roller arm and forged 

actuator arm give high strength 

and rigidity. 

Roller-arm position is infinitely adjustable 
through a full 240 degrees of arc. 

Arm-adjustment locknut is 

self-tightening. 


Write for catalog 
that gives details of the 
entire K series. 


ELECTRICAL 
RATINGS: 


20 amperes 
125/250/480 v. a-c 


Hint 


UNIMAX SWITCH 


IVES ROAD, WALLINGFORD, CONNECTICUT 
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KLEIN PLIERS 


make wiring faster 
...e@asier 


Many 
available 
keep jaws 


Spring is 


Klein Pliers are 
with a coil spring to 
in open position 


guaranteed for the life 


re) aloe Lita 


rdered with dipped 


There’s a lot to like in Klein Pliers. 
There is a size and style for every 
job, even the toughest wiring as- 
sembly. All are made of finest alloy 





ASK YOUR SUPPLIER 
Foreign Distributer: International Stenderd Electric Corp., New York 


on plastic-coated handles 





steel, individually tempered and 
tested. They are backed by the Klein 
name, serving industry for more 
than 100 years. 


Yours for the asking— 
free copy of the new 
Klein Pocket Tool Guide. 
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| ties and hardnesses; 


basic information 
on aspects of fastener design and per- 
formance; principles and practices of 
screw-thread plating, proper gaging 
techniques, function and application 
of self-locking screws, several pages 
on fastener fit and how to diagnose 
misfits. Address requests to Advertis- 
ing Dept., Box 901, Standard Pressed 
Steel Co., Jenkintown, Pa. 


PRINTED-CIRCUIT BOARDS 


Detailed report on reliability of plated- 
through holes employed in printed 
wiring boards, 59 pages, contains a 
number of independent studies made 
by major suppliers of military elec- 
tronics, as well as findings of the com- 
pany’s test laboratories. Copies of 
“Plated-Thru Holes for Thru Connec- 
tions on Printed Wiring Boards” are 
available at $1.00 from Publications 
Dept., Photocircuits Corp., Glen Cove, 
Sa Ey Bee Oe 


FILTERS, TOROIDS, 

MAGNETIC AMPLIFIERS 

Loose-leaf reference guide to the per- 
formance characteristics of filters, 
magnetic amplifiers, and toroidal coils 
is printed in three sections of loose- 
leaf sheets; each group of sheets de- 
voted to type of product. Address let- 
terhead inquiries to: Components 
Corp., 2857 No. Halsted St., Chicago 
14, DL 


PROXIMITY METER 

Booklet TM-51-2 contains a descrip- 
tion of a capacitance-operated prox- 
imity meter, circuit and dimensional 
information and numerous application 
specifics including layout and con- 
figuration details. Applications include 
use as micrometer, gaging 
tricity, as surface-finish gage, as strain 
gage, for measurement of surface fin- 
ish internally, to measure vibration, to 
measure breaking strain, as thickness 
gage, as a pressure gage and to meas- 
ure moisture content. Manual is avail- 
able from Aeronautical and Instrument 
Div., Robertshaw-Fulton Controls Co., 
Santa Ana Freeway at Euclid Ave., 
Anaheim, Calif. 


ALUMINUM JOINING 


Survey of aluminum welding, brazing 
and soldering is included in a 40-page 
illustrated manual. Among 
covered are welding aluminum and its 
alloys by inert-gas-shielded metal arc 
with consumable electrodes, inert-gas- 
shielded metal arc with a tungsten 


concen- 


subjects 


| electrode, and latest arc and gas-weld- 


aluminum brazing, braz- 
ing alloys, brazing by torch, cleaning 
and finishing after brazing and charts 
of brazeable aluminum alloys. Solder- 
ing section includes melt and flow 
charts. Request copies from All-State 
Welding Alloys Co., Inc., 249-55 Ferris 
Ave., White Plains, N. Y. 


ing processes; 
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HUNDREDS 

OF DIES, 
a ae | 
PSC ime 
NOTICE FOR... 


the magnetic core 
laminations you need, 


when you need them 


Dies for the laminations you need in a hurry are held provide final assurance of the exact performance you 
ready in this bomb-proof, fire-proof vault. No delays require in magnetic core laminations. 


or extra costs of tooling up, on most orders. These are 


a : es Most of the nation’s best-known transformer manu- 
the finest high-precision dies, built and maintained by 


; ; : facturers gain the extra advantages of Magnetic Metals 
our own skilled craftsmen, available in a wide range 


: ; laminations. You should, too. Tell us about your 
of sizes and shapes. . . and one of the reasons for the , 


. ; ; ; application, and we'll go to work on it right away. 
consistently high level of Magnetic Metals quality. PE ‘ S S ) 


Another reason is our stock of magnetic alloys—the 


largest stock in the world, making available to you 


the widest choice of electrical characteristics. More- AGNE TIC 
over, special, highly flexible annealing techniques 


transformer laminations * motor laminations + tape-wound cores 
powdered molybdenum permalloy cores + electromagnetic shields 


MAGNETIC METALS COMPANY + Hayes Avenue at 21st Street, Camden 1, N.J. 
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New COMPONENTS and MATERIALS 





A staff compilation of the latest developments 


in electrically operated end products 


tions and available application data. 


HIGH-FREQUENCY RESISTOR 


Fast-rise-time, precision wirewound re- 
sistors are non-inductive and non-ca- 
pacitive. A 1 megohm resistor has 
capacitance of 0.5 picofared vs 5 pf in 
usual wirewound 1 megohm resistor. 
Available from 10 ohms to 1 megohm. 
Can be supplied in tolerances to 0.1 





per cent. Sets of values or raties can 
be matched to within 0.01 per cent. 
Standard temperature coefficient, 15 
ppm/deg C. Illustration shows oscillo- 
scope trace for rise time vs current; 


upper curve is manufacturers Model 
207 resistor; lower curve, standard 
wirewound resistor. Resistors meet 


MIL-R-93R and MIL-R-9444A. Ultro- 
nix, Inc., 111 E. 20 Ave., San Mateo, 
Calif. 
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SILICON RECTIFIERS 


Double-diffused-junction rectifiers Type 
MA are suited for magnetic amplifier, 
power supply and other applications 
where low forward resistance and low 
reverse current are required. Rectifiers 
are rated 1.6 amp in half-wave circuits, 
with proper heat sink, in ambients to 
150 C. In full-wave circuits, up to 5.4 
amp may be passed. Eleven types avail- 
able with voltage ratings to 800 volts 
Stud-mounted offered in both 
positive and negative stud-terminal con- 
struction. Trans-Sil Corp., 55 Honeck 
St.. Englewood, N. J. 
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units 


GERMANIUM TRANSISTORS 


High-current, high-power, _high-fre- 
quency switching transistors 2N1204, 
2N1494, 2N1495 and 2N1496 are micro- 
alloy diffused-base devices with cad- 
mium electrodes. Transistors, having 
application in data-processing systems, 
oscillators and communications equip- 
ment, are all capable of switching 400 
ma. Types 2N1494 and 2N1496 (illus- 


204 


trated) have collector dissipations of 
500 milliwatts (with heat sink). Types 
2N1204 and 2N1495 provide free-air 
dissipation of 250 milliwatts (no 
threaded stud on Philco 
Corp., Lansdale Div., Lansdale, Pa. 
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enclosure). 


SWITCHING TRANSISTORS 


High-speed germanium n-p-n switching 
transistor 2N1288 (illustrated) 
and 2N1289 are capable of operation 
at 60 mc, the alpha cutoff frequency. 
Transistors meet MIL-T-19500A. Gain 
bandwidth is the same at 5 ma and 1 
volt, collector-to-emitter, as it is at 1 
ma and 5 volts, making them suitable 
for symmetrical switching speeds in 
logic circuitry. The 2N1288 and 2N1289 
have collector-to-emitter voltage ratings 
of 10 and 15 volts, respectively; both 
have emitter-to-base ratings of 5 volts; 
collector-to-base ratings of 15 volts and 
20 volts, respectively. With collector 
current of 10 ma, typical d-c beta is 
150. Temperature range, 


types 


55 to +55 





. screened for design-in use 
; complete with all released specifica- 


C. General Electric Co., Semiconductor 
Products Dept., Charles Bldg., Liver- 
pool, ae 
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PLUG-IN MINIATURE RELAYS 


Line of hermetically sealed relays is 
available in the following ratings: 


SPDT at 5 amp, DPDT at 10 amp, and 
6 PDT at 10 amp. Pull-in and drop-out 
Coil 


times to 10. millisec. voltages 





offered from 1 to 200 volts d-c or a-c. 
Stockets have outside dimensions no 
greater than size of relay, exclusive of 
mounting points. Snap action relays 
meet requirements of MIL-R-25018, 
MIL-R-6106C and MIL-E-5272. Elec- 
tronic Specialty Co., Relay Div., 5121 
San Fernando Road, Los Angeles 39, 
Calif. 
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TRANSFORMER CORE TUBING 


Plaskon material is available as a glass 
phenolic; a glass silicone material for 
Class H applications; a glass polyester, 
melamine or epoxy for Class B; and a 
paper phenolic for Class A. Tubing 
offered in thicknesses from 0.020 
+0.005 in.; tolerance on ID is -+-0.005, 
—0(.000 in. Short lengths may be used 
for cases in encapsulation. Angles, chan- 
nels and covers may be cut from stand- 
ard tubing lengths. Stevens Tubing 
Corp., 86-88 Main St., E. Orange, N.J. 
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HEAT-RESISTANT 
ENCAPSULANT 


Sylgard 191 encapsulant remains serv- 
iceable despite continuous exposure to 
temperatures from 60 to +250 C. 
Two-component system is applied to 
electronic parts with fill-in-place tech- 

(Continued on page 209) 
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your delivery date... 
the requirements of Mil E-4970%... 
Luxolene Molded Coils meet both! 


Luxolene epoxy molded coils, manufactured on 
production basis, meet the requirements of Mil 
E-4970* and are engineered especially for appli- 
cations involving sand, fungus, high and low tem- 
perature, humidity, vibration, shock, salt spray, 
sunshine or dust. 


Luxolene coil windings are completely encased in 
thermosetting epoxy resin by incorporating a core 
tube of the same material as is used in the en- 
capsulating process. Luxolene Epoxy resin is ap- 


proved by Underwriters Laboratories as a Class B 
(130°) insulating material. Available in colors— 
black, green, blue, yellow, orange and red. 
From design to delivery, Deluxe engineers work 
with you. Capacity for volume production, with 
highest degree of accuracy, assures your meeting 
delivery schedules on any product from washing 
machines to missiles. 

For specific information write to Deluxe Coils, Inc., 
P.O. Box 454 or phone Wabash 1720. 


*Certified by American Laboratories Report No. 9-3612-CH. 


‘Deluxe COILS, INC. wasasu, inviana 
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You get MORE THAN A MOTOR@With 
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Versatility 


Personified 


That’s an apt description of General Electric’s Form G 
fhp motor if there ever was one. It’s the ability to 
modify, to adapt, to do things differently . . . to 

do them your way. Mount it upside-down, horizontally, 
vertically, direct, v-belt . . . whatever your 

product requires. You’ll find in every case that 
General Electric’s Form G motor ‘‘can do’’. 


THIS AMAZING VERSATILITY results from several dis- 
tinctive design features. They’re reviewed on the next page, 
along with several other reasons why you gett MORE THAN 
A MOTOR when you select General Electric Form G motors. 


GENERAL @@ ELECTRIC 





These Form G motor versatility features 


mean greater 


1. MOUNTING VERSATILITY Both 
resilient and solid cradle bases permit 
rotation of General Electric Form G 
motors within base to meet your prod- 
uct design and space requirements. 


design 


2. FAST ROTATION CHANGE No 
need to specially order motors to 
meet your rotation requirements. 
Just interchange two motor leads; or vice versa) in one-fifth the 
reverse shaft rotation in seconds time without confusion or error. 


freedom for you 


3. FAST VOLTAGE CHANGE — Sliding 
plates on terminal boards allow 
change from 115 to 230 v operation 


4. EASY, DIRECT MOUNTING — Mount 
Form Gs directly without expensive 
machining or brackets. Close end 
shield tolerances allow mounting 
of motor with simple through-bolts 


5. ALL-ANGLE OPERATION § All- 
angle sleeve bearing and positive oil 
retention system allow you to mount 
standard Form G motors inany 
position. No need for costly specials 


6. COMPLETE LINE Over 850 basic 
models and literally thousands of 
variations mean there's a stand- 
ard Form G motor to meet your 
product’s exact requirements. 


Only General Electric Form Gs give you MORE THAN A MOTOR 


1. VERSATILITY PERSONIFIED. a Form G motor can 
meet almost any design requirement. 


2. EXPERT APPLICATION AID -G-E engineers are always 
available to help solve unusual motor applications. 


3. ON-TIME DELIVERY —multi-plant facilities assure you 
reliable, prompt delivery of the exact motors you need. 


4. YEARS-AHEAD DESIGN LEADERSHIP consistent leader- 
ship by G.E. keeps Form G motor customers ‘‘out front’’. 


5. EASE OF ASSEMBLY Form G motors provide assem- 
bly-line savings in time and money. 


6. FAST, LOCAL SERVICE a nationwide network of G-E 
Electric Motor Service Stations means service is 
always close at hand. 


7. QUALITY CONTROL every Form G motor is thor- 
oughly tested at all stages of production to assure you 
long, dependable performance. 


Make sure you get MORE THAN A MOTOR when you select fhp drives 
for your product .. . choose General Electric Form G motors, available in 
NEMA 48 and 56 frames. For more information contact your nearby 
General Electric Apparatus Sales Office or write Section 702-110, 
General Electric Co., Schenectady 5, N. Y. 
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nique. Inorganic filler, one of two com- 
ponents, is poured into form; then 
precatalyzed solventless silicone resin 
is vacuum-impregnated through filler 
to complete encapsulation. Electrical 
strength as cured (ASTM D-149.59, \%- 
in. thick section, %4-in. electrodes), 
240 vpm (as received), 140 vpm (96 
hr at 23 C and 96 per cent RH). Dow 
Corning Corp., Midland, Mich. 
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DISTANCE-SENSING HEAD 


Proximity sensor head Series 022 has 
a %-24 NF threaded stainless steel 
case and is designed primarily as a 
part of the manufacturer's Model D-15 


detector. Sensor heads are used in ap- 
plications such as in vibration studies 
and observation of rotating parts. 
Bently Scientific Co., 2811 Seventh St., 
Berkeley 10, Calif. 
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RIBBON-CABLE CONNECTORS 


Pos-E-Kon connectors are designed for 
application with flat-conductor cable. 
Application can be made to shielded 
cable, printed-circuit boards, and 
standard round wire. Pos-E-Kon splicers 
allow mid-span tapping and _ cable 
break-outs. Beryllium-copper contact 
springs provide 200-gm contact pres- 
sure on typical connector. 

Pos-E-Flex connectors, for commer- 
cial equipments, are used for low- 
voltage wiring applications. These con- 
nectors adapt to a range of conductor 
sizes and spacings. Adapters and 
plugs will connect flat con- 
ductor cable direct to terminal strips, 
disconnect points, etc. Thomas & Betts 
Co., Elizabeth 1, N.J. 
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chassis 
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SHAFT-ANGLE ENCODER 
Model DV-SC11A Digitizer has a code 


disk containing sine and cosine infor- 
mation in cyclic binary form. Accuracy 


of instrument is 2'! + one bit of sine 
or cosine value. Instrument has Size 
23 or 35 synchro mount with outer 
diameter of 334 and overall length of 
61% in. Dychro Corp., 49 Walnut St., 
Wellesley 81, Mass. 
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ELECTRONIC TIMERS 


Two solid-state precision timers, a 30- 
millisec to 30-sec short-period timer, 
and a 30-millisec to 30-min long-period 
timer (illustrated), have 3PDT con- 
tacts. Reset occurs when power is re- 
moved, whether preset time has elapsed 
or not. Long-period timer, being two- 
section device, allows for two time de- 


lays, either adjustable by internal or 
external potentiometer. Both timers ac- 
curate to within either +10 per cent 
or +5 per cent and have contact life 
of 100,000 operations. Input voltage, 
20-31 volts d-c (short-period) or 26-31 
volts d-c (long-period). Contact rating, 
2 amp at 115 volts a-c or 28 volts d-c; 
contact resistance, 0.050 ohm max. 
Solid-state switches may be substituted 
to give current ratings to 25 amp at 
400 volts. Aerojet-General Corp., Sub- 
sidiary General Tire & Rubber Co., 
Azusa, Calif. 
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MINIATURE RELAYS 


Series 30 relays come in 13 standard 
styles and 12 standard coils. Overall 
height, 0.857 in. max; width, 0.800; 
thickness not exceeding 0.387 in. 
Normal plug-in weight is 15 gm; with 
two stubs and 3-in. leads, 17 gm. Re- 
lays are hermetically sealed, back-filled 
with dry nitrogen and can be supplied 
with helium tracer. Armature contacts 








Sola Constant Voltage Filament Trans- 
former, built-in component, regulates fila- 
ment voltage for longer tube life. 


Sola’s regulating 
filament transformer 
protects eleetron tubes 


Fluctuations in supply voltage for 
electron tube filaments can be costly 
in shortened tube life, in sub-standard 
performance, in equipment downtime. 
Electro-Pulse, Inc. solved its filament 


voltage problems through this straight- 


forward approach: the company’s 
Megacycle Pulse Code Generator in- 
cludes a Sola Constant Voltage Fila- 
ment Transformer built-in as part of 
its power supply. 

This versatile unit does the step- 
down job of a conventional trans- 
former and it also regulates the fila- 
ment supply —a task that ordinary 
filament transformers don’t pretend 
to do. Filament voltages are stabilized 


| to within +1% even with line voltage 


variations as great as +15%. Its cur- 
rent-limiting characteristic protects 
tubes from cold inrush currents as 
well as from line transients. 


It is a simple, reliable static-mag- 
netic regulator with automatic and 
virtually instantaneous action. Vari- 
ations in input voltage are usually cor- 
rected within 1.5 cycles. There are no 
tubes or moving parts, and no adjust- 
ment or maintenance is necessary. 


Sola stocks filament transformers 
with ratings from 2.37 to 25 amps as 
a part of its complete line of regulat- 
ing transformers. We also manufacture 


| custom-designed units (in production 


quantities) for a wide variety of spe- 
cialized applications. 


| For complete data write for Bulletin 6G-CYF 


A DIVISION OF 
BASIC PRODUCTS CORPORATION 


Sola Electric Co., 4633 W. 16th $t., Chicage S50, G2, 
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ELECTRIC MOTORS 
Tipp City, Ohio 
A. 0. SMITH INTERNATIONAL, S.A. 
Milwaukee 1, Wisconsin, U.S.A. 
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800 to 1 hp favorites 
for quiet operation, 
low maintenance and 
long-life service . 


From the case of the 

A. O. Smith Motor Man — a 
complete stable of integrals 

that include single-phase 

models (1-5 hp) or polyphase 
(1-800 hp). Also a team of 
fractional-hp motors. All are sure 
bets to give top performance 
over the long, long haul. 

And there’s an A. O. Smith Motor 
Man near you — chomping at 
the bit to give you 24-hour action 
on all parts and service orders. 


NATIONAL & 
RETAINING RINGS 


simplify 
your 
designs! 


National Retaining Rings have effected important 
economies in a wide range of applications from 
heavy duty machinery to toys. Elimination of 
machining, threading, nuts and cotter pins are 
typical advantages. In many applications, reduced 
space and weight requirements and substantial 
savings in material can be accomplished with 


these easy-to-install retaining rings. 


The NATIONAL LOCK WASHER COMPANY 
Serving Industry Since 1886 
NEWARK 5, NEW JERSEY ¢ MILWAUKEE 2, WISCONSIN 
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are gold plated and rated to 3 amp, 
26.5 volts d-c max. Life: 500,000 opera- 
tions minimum at 2 amp are assured, 
with 100,000 operations at 3 amp. 
Operation time, 3.5 millisec nominal, 
5 millisec max, including bounce. Phil- 
lips Control Corp., 59 W. Washington 
St., Joliet, Ill. 
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MINIATURE 
INSTRUMENT RIVETS 


Instrument fastener head form is a 
modified brazier with low contour. 
Shank of rivet is concentrically deep- 
drilled. Material is 24carat gold- 
plated, shot-burnished brass. Mallea- 
bility of shot-burnished gold is said to 


prevent “splatter” of plated metal when 
rivet is clinched or set. Available in 
lengths down to 1/32 in. in increments 
of 1/32 in. and various body diameters. 
Circon Component Corp., Santa Bar- 
bara Municipal Airport, Goleta, Calif. 
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ADJUSTABLE-SEGMENT 
ROTARY SWITCH 


| Switch can be externally adjusted to 
open or close at any point within 0 to 
355 deg. Limited adjustable range 
such as 0 to 180 and two-pole types 
can also be made. Switches are en- 
| closed in standard RR11 servo-mount 
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oo Because Cornish makes 


the most complete line of 


molded compe nents in the 


field. Whatever your partic 


ilar cord-set need, you can 
order a Cornish molded 
component to fit it @ Be 
yuse Cornish ¢ make 
10lded components to 
ne rder. If Cornish 
doesn't ire ly have ex 
actly what you want, you 
can ask Cornish engineers 
to work with you in devel 
ping spe 1| molded 
components of rubber or 


plastic. 8 Because all Cor- 
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SPECIFY 
CORNISH A 
CORD SETS 


W WOT MOLDED 
COMPONENTS 


ae 
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nish molded components 
even custom-made, can be 
furnished in various colors 


c if ~+ 
pecilications. 


to meet your 


trademark 


Your 


name or 


ded on the 


may also be mol 


plug. @ With 


molded components, you 


all Cornish 


get the advantages of su 
perb engineering ability 
and more than 40 years of 


experience applied to the 


solution of your special 
problems. Write us today 
for complete information. 


Cornish WireCo.,!nc = 
50 Church St., N.Y. 7. a 
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Need relays? | 


? ° 
we I] come running— 


@ Producing relays fast and at low cost is a Comar specialty. 
Our complete engineering and manufacturing facilities are geared 
to save you time and money. Whatever type relay you need, simple or 
complex, industrial or military, Comar can serve you best. Write: 


Comar Electric Company, 3349 Addison Street, Chicago 18, Illinois. 


omar 
ectrig 


RELAYS * SOLENOIDS * COILS * SWITCHES *© HERMETIC SEALING | 
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anodized-aluminum housing. Ambient 
range, —50 to +150 C available. Volt- 
age breakdown, 1000. Life expectancy 
to 50 million cycles, depending on cur- 
rent and type of load. Precision Line, 
Inc., 63 Main St., Maynard, Mass. 
Circle 514 on postcard at end of book 


MINIATURE CONNECTOR 


Series 4A connectors feature up to 7 
contacts within a ¥% in. diameter. Sock- 
ets are closed entry. Connectors are 
waterproof, and feature resistance to 
high breakdown voltages. Positive lock- 





which 


lockband 


ing accomplished by 
latches automatically when connector 
is engaged. Available with 2, 3, 4, 5 
and 7 contacts in a variety of mounting 
styles and in glass-seal types. Also 
available in other shell sizes up to 19 
contacts. Viking Industries, Inc., 21343 
Roscoe Blvd., Canoga Park, Calif. 
Circle 515 on postcard at end of book 


CABLE-CLAMP ASSEMBLY 


Cable clamp is used in conjunction 
with MS-R and MS-E (CT Series) 
plugs. Assembly is tooled in various 
sizes and sold separately from the 
plugs. It does not interfere with order- 
ing of MS-R plugs under MIL-C-5015- 
D. Clamp and pins are non-magnetic 
stainless steel. Cannon Electric Co., 
3208 Humboldt St., Los Angeles 31, 
Calif. 

Circle 516 on postcard at end of book 
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Motors insulated with Mylar® 
are smaller... lighter 


Motors above have the same rating, 
but the smaller, lighter one takes 
advantage of “‘Mylar’’* polyester 
film for slot and phase insulation. 

Because of its excellent electrical 
and physical properties, “‘Mylar’’ can 
be used in thin gauges to help reduce 
motor size up to 40° and weight up 
to 33°). The thermal stability of 
*‘Mylar”’ allows motors to run hotter 
and develop more horsepower from 
a given frame size. 


Insulation of ““Mylar’’ contributes 
built-in reliability and longer life to 
appliance motors because its proper- 
ties do not change over long periods of 
continuous operation at high temper- 
atures or when exposed to chemicals, 
solvents and lubricants. And because 
“‘Mylar” is unaffected by moisture, 
current leakage and shock hazard 
are cut to a minimum. And yet, 
motors insulated with “‘Mylar’’ 
frequently cost no more than those 


Tough, thin “‘Mylar’’ has this unique combination of 
properties for superior insulating performance. 


e Average 4,000 volts per mil dielectric strength 


(ASTM D-149 
cycles. 


. Average power factor of 0.002 at 60 


e Thermal stability from -60°C. to Class B range. 


e Chemical and moisture resistance. 


e Resistance to aging, abrasion, tearing and rotting. 


JULY 1960 


IN CAPACITORS — Units insulated with 
“Mylar” have superior moisture resis 


tance and jonger lite 
felability standards 
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meet highest 


using other common types of in- 
sulation. 

Whether you manufacture or buy 
electrical products, you can get im- 
proved performance with Du Pont 
““Mylar’’. And, figured on a square- 
foot basis, ‘Mylar’ will oftencost you 
less than your present material. For 
full facts on ““Mylar’’, write for free 
booklet. E. I. du Pont de Nemours 
& Co. (Inc.), Rm. #14, Film Depart- 
ment, Wilmington 98, Delaware 


*“ Mylar” is Du Pont's registered trademark for 
its brand of polyester film. 


Better Things for Better Living 


. « « through Chemistry 
DU PONT 


MYLAR 


POLYESTER FILM 
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silent. sure... 
Mercu ry works better 


for you in Durakool Contactors 


Timer Relays-Switches 


All-Steel bodies with welded seals are rugged. 
Hypressure Hydrogen Gas, permanently sealed 
inside, quenches arc, dissipates heat, insures low 


contact resistance. They just keep working. 


REC CONTACTORS 


Designed to handle heavy inrush currents. 
Silence is wonderful for studios and theaters. 
Enclosed contacts safest for explosive atmos- 
pheres. Up to 100 ampere continuous capacities. 


1, 2 and 3 pole combinations. 





TIMER RELAYS 


Durakool engineered metering system designed 


to be tamper-proof and dependable. Single 
moving part assures trouble-free operation. 


1, 2 and 3 pole combinations. 














Coil 


De- ed 
tah SWITCHES 


Work in any position around diameter. 1 
ampere sizes ore mercury to metal design, 
over 1 ampere are mercury to mercury. Avail- 
able uninsulated or insulated in any of a 


variety of materials. 


Durakool 


Elkhart, Indiana, Durakool, Inc., 1018 N. Main St. 


Write for Chicago, Illinois, Durakool, Inc., Rm. 528, 333 N. Michigan Ave. 
Bulletin No. D-73 Minneapolis, Minnesota, Durakool, Inc., 301 5th Avenue, South 
i Hatboro, Pennsylvania, Raymond H. Barnes, 422 Tanner Rd 
fonts Sever Los Angeles 28, Calif, R. Meussdorffer & Asso., Suite 1, 3491 Cahuenga Blvd 
Section Sb Montreal, Que., Canada, Measurement Engineering Ltd., P. 0. Box 1352, Sta. 0. 


Newtonville, N. Y., Walter F. Haines, Apple Tree Lane 

New York 70, N. Y., Durakool of New York, 4747 Bronx Blvd. 

San Francisco 3, Calif., Fisher Switches, Inc., 40 Gough St. 

Toronto 12, Ont., Canada, Measurement Engineering Ltd., 1969 Avenue Rd. 
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MINIATURE PRINTER 


Printing speeds of more than 30 char- 
acters per sec on 5/16-in. tape are at- 
tained by a printer which is 9% in. 
long with self-contained paper supply. 
Fits a standard 3-in. instrument case. 
Useful as printer for computer output, 





system checkout, in burst communica- 
tion to conserve the bandwidth of radio 
transmission link, and for recording 
control-tower instructions to aircraft. 
Potter Instrument Co., Sunnyside Blvd., 
Plainview, L. L, N. Y. 

Circle 517 on postcard at end of book 


SWITCHING TRANSISTOR 


The 2N1072 is a double-diffused silicon 
n-p-n- mesa transistor capable of switch- 
ing currents up to 1 amp with rise and 
fall timies of 50 nanosec. At collector 
current of 750 ma, transistor has a 
saturation voltage between 0.7 min and 
2.0 volts max; AFE is 15 min; base 
input voltage is 0.7 min and 1.8 volts 
max; output capacitance is 55 pf max. 
Collector and emitter breakdown volt- 
ages are 75 volts and 6 volts, respec- 
tively. With case temperature of tran- 
sistor maintained at 25 C, max power 
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Now it’s here. 


cuz POPE PRECISION 


Totally Enclosed 


Fan Cooled 


Su MOTOR 


1 to 20 H.P.—900 to 3600 R.P.M.— with straight or tapered shafts 


Here is a Precision Driving Motor that has the 
rigidity and dynamic balance you’ ve always wanted! 

The permanently preloaded double row cylindri- 
cal roller bearings with tapered bores are mounted 
in a heavy section one-piece casting. (There is no 
front end cover to get out of alignment.) 

A pair of extra large precision angular contact 
preloaded bearings in the rear housing are mounted 
close to the rotor for extra rigid support of the 
motor under working loads. 


One of the new Pope Precision Motors equipped with a 
Pope balancing type wheel holder for precision grinding. 


* 261 RIVER STREET - HAVERHILL, MASS. 


You can make fast convenient wiring connec- 
tions from the large junction box furnished on 
whichever side of the motor you specify. 

Ask for data sheet SK-306 for outline dimensions 
and specifications. 

Let us quote you on these 
Precision Driving Motors 
for use on all your equip- 
ment where a real Precision 
Motor is required. 
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dissipation is 12 watts. Radio Div., 
Western Electric Co., 120 Broadway, 
New York 5. 

Circle 518 on postcard at end of book 


PLASTIC-JACKETED 
CABLES IN COLOR 


Multiple-conductor cables have jackets 
in the standard colors adopted by the 
industry, in order to provide positive 
identification for individual cables con- 





necting the units in an electronic sys- 
tem. Cables are available with any size 
and number of conductors. Lenz Elec- 
tric Manufacturing Co., 1751 No. West- 
ern Ave., Chicago 47, Ill. 

Circle 519 on postcard af end of book 


Let Stackpole Custom Engineering 
TACKLE YOUR NEXT 


BRUSH ASSIGNMENT! 


SYNCHRONIZER FOR 

























-«.for maximum efficiency on any 
motor from “‘flea power" to giant diesel- 
electric traction types 


Hardly any two pieces of motorized equipment are alike 
in their brush requirements. Close perhaps—but almost 
never exactly the same! 


Maximum brush economy, life, commutation and free- 
dom from commutator burning are obtained only by 
careful tests that determine the best grade on the actual 
equipment, under actual operating conditions. Secondly, 
these features are only assured to the maximum by brush 
experimental and production procedures that permit 
“tailoring” basic grades to specific equipment and its 
operating conditions. 


This, in brief, is the heart of Stackpole “Custom Brush 
Engineering”. More than any other factor, it is the 
reason why Stackpole brushes are more widely used 
than any others on motors of many different types—and 
have been for many years. 


» NOTE: Stackpole 

~ Brushes ore sold only 
cs origino!l equip- 
ment—NOT as re- 
plocements. 


There is no obligation in putting Stackpole Custom En- 
gineering to work on your next brush assignment. Ask 
your Stackpole representative or write to... 


STACKPOLE CARBON COMPANY, ST. MARYS, PA. 





BRUSHES 


for all rotating electrical equipment 


RANDOM-INPUT SIGNALS 


The SY-101 is designed either to syn- 
chronize random inputs to a clock, or 
to receive random parallel inputs and 
to deliver these serially to a counter. 
Each SY-101 package contains two 
identical synchronizer circuits. Up to 
six packages may be grouped to allow 
accumulation of signals from 12 asyn- 





chronous sources for delivery to single 
counter. Maximum synchronizing rate 
for individual circuit is 30 kc; for a 
group of n circuits, 30 kc/n. Power re- 
quirements per package: +20 volts d-c 
+10 per cent at 35 ma, —90 volts d-c 
+10 per cent at 1 ma. Computer Con- 
trol Co., Inc., 983 Concord St., Fram- 
ingham, Mass. 

Circle 520 on postcard at end of book 


QUICK-OPERATING CLIPS 


Spring clips for attaching shielding 
cans to printed circuit boards are sup- 


CONTACTS * VOLTAGE REGULATOR DISCS * CATHODIC PROTECTION ANODES © FIXED & 
VARIABLE RESISTORS * BEARINGS * MOLDS & DIES * FRICTION SEGMENTS * SEAL RINGS 
CLUTCH RINGS * CHEMICAL ANODES * HEATING ELEMENTS * WELDING CARBONS * POROUS 

CARBON . 


plied in chain form on reels for ma- 
chine application. Made of 0.016-in. pre- 
tinned brass, clips can be applied to 
. and dozens of other carbon, graphite and powdered metal products. | any shape or size of can. Once clips 
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NEW SIZE TK 


(On head « 


mat 


ri 


NEW SIZE 


ig 


NOW 13 


: — . : t ‘i ‘ CASE SIZES 
Now you can scale down your circuits still further. These new Ohmite a 7 IN ALL 


tantalum wire capacitors are the smallest of their type ever produced. poe SR gos, 9 (Shown Actual Size) 
And, like all Ohmite tantalum capacitors, they must pass severe per- 

formance tests in Ohmite’s laboratory under conditions similar to 

official ASESA qualifications. 


Ohmite Series TW tantalum wire capacitors provide amazingly high 
capacitance for their size. Compared to aluminum electrolytics, they 
offer smaller size, longer shelf life, better electrical stability, and 
superior performance under temperature extremes. The anode is 
specially processed tantalum wire; the cathode is a silver case which 
also contains the electrolyte. Operating range is —55°C to +85°C. 
Power factor less than 50%. DC leakage current is less than .09 
ua/mfd/v for units of 0.5 mfd and up; less than 0.4 for units under 
0.5 mfd. Capacitances from .01 to 80 mfds; voltage ratings to 150. 
Many stock sizes are available as well as made-to-order units. Write 
for Bulletin 148, Tantalum foil and slug capacitors also available. 


OHMITE MANUFACTURING COMPANY... 


3613 Howard Street, Skokie, Illinois SINGLE-END 


TERMINATION 
RHEOSTATS + RESISTORS + TAP SWITCHES Available on 
RELAYS + R.F. CHOKES + TANTALUM CAPACITORS all Series TW 


VARIABLE TRANSFORMERS + GERMANIUM DIODES Capacitors 
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Look what 


e: 


EVENT RECORDERS 


are doing to 
improve operations 
and cut costs! 


Check Switch 
Assemblies. 


Monitor Plastic or 
Metal Molding 
Operations. 


Plot Movement 
of Conveyors. 


Show Idle Time 
of Automatic 
Machines. 


Monitor Electrical 
Substation Operation. 


See how E-A Event Recorders can 
help you with accurately recorded, 
unbiased information. 


Send for Catalog Section 50. 


The 


ESTERLINE-ANGUS 
Company 


No. 1 in fine Graphic Instruments 
for more than 50 years. 


DEPT. T, BOX 596, INDIANAPOLIS 6, INDIANA 
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are soldered into printed-circuit board, 
can may still be removed and re-inserted 
into clips without loss of configuration 
or retention. Malco Manufacturing Co., 
4025 W. Lake St., Chicago 24, II. 
Circle 521 on postcard at end of book 


DOUBLE-PLUG 
STACK-UP ACCESSORIES 


Model 2B-1275 is a 34-in. spaced molded 
double-plug adapter with 50-ohm Mi- 
crodot screw-on receptacle. Model 2B- 
277, with 70-ohm receptacle, is also 
available, as is Model 2B-1279 with 
93-ohm receptacle. Adapters feature 
Banana 


side-stacking connections, 


plugs use one-piece beryllium-copper 
Model 2B-1276 is a double- 
plug adapter with slide-on Microdot 


springs. 


receptacle for connection to 50, 70- 
and 93-ohm cables. Pomona Electronics 
Co., Inc., 1126 W. Fifth Ave., 
Calif. 


Pomona, 


Circle 522 on postcard at end of book 
R-F TOROIDS 


Toroidal coils, Series 1212, cover an 
inductance range from 1.5 mh to 18.7 
mh and are hermetically sealed and 
shielded in a metal case. Typical 0 
values are 150 to 180 from 3 me to 
12 mc. Size is 2 1/32 in. OD x 3% in 
high. Mounted by single 6-32 stud 
These units find application in r-f 
filters, r-f amplifiers, receivers and 


general communications equipment. 


(Continued on next page) 


morE POWER 
meets 


morE TORQUE 
PER POUND 


LOWER COST 


PER LB.-IN. 
OF TORQUE 


MOUNTINGS TO FIT EVERY NEED 


WRITE TODAY! 


Our design engineers 

will be pleased 

to help you solve 

your application problems. 


MERKLE—KORFEF 
MERKLE-KORFF 
GEAR CO. 
Dept. 211 
213 North Mergen Street 
Chicage 7, lilineois 


| MOTIONDISERS MOnroe 6-1900 
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NEW 
Saeed 
TELEPHONE 


HANDSET 
CRADLE 


... for positive retention 
in all mobile applications 


There's no jump, no sway-—when a 
telephone handset is in the firm 
grip of this new handset cradle by 
Stromberg-Carlson 

Retaining clip spring assembly 
posi- 

tive retention 
in any mobile 
application on 
land or sea, or 
in the air. 
Evenextreme- 
ly severe jars, 
jolts and vibrations fail to dislodge 
the handset. 

The cradle is strong and resili- 
ent, fits any Stromberg-Carlson 
handset. Different models provide 
varying switch combinations with 
2 or 4 Form C contacts. All models 
available with or without the clip 
assembly. 

Specifications on request. In At- 
lanta call TRinity 5-7467; Chicago: 
STate 2-4235; Kansas City: HAr- 
rison 1-6618; Rochester: HUbbard 
2-2200; San Francisco: OXford 
7-3630. Or write to Telecommuni- 
cation Industrial Sales, 117 Carl- 
son Road, Rochester 3, New York. 


7 assures 


STROMBERG -CARLSON 


A O'viBlion oF 


GENERAL DYNAMICS 
POAT NES AMS ES 
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North Hills Electric Co., Inc., 402 Saga- 
more Ave., Mineola, L. L, N. Y. 
Circle 523 on postcard at end of book 


TRIMMER POTENTIOMETER 


W-51 trimmer has a standard range of 
resistances from 10 ohms through 100,- 
000 ohms, with tolerance +10 per cent. 
Units, having 0.750-in. mounting-hole 


centers, are available with 12-in. flex- 
ible insulated wire leads, solder lugs 
or end-mounted printed-circuit pins. 
Atohm Electronics, 7648 San Fernando 
Rd., Sun Valley, Calif. 

Circle 524 on postcard at end of book 


CIRCUIT-MONITORING 
SWITCH 


The 6AR_ push-to-test Switchlite has 
the lamp connected internally to arms 
of a DPDT switch, enabling two 
separate circuits to be monitored with- 
out a common connection. Switch may 
be used for fail-safe circuit applica- 


tions, where isolation is needed between 
monitored circuit voltage and test 
voltage. Switch contacts rated at 1 amp 
d-c, resistive load, with life expectancy 
100,000 operations. Either 
neon or incandescent lamps with op- 


exceeding 


tional voltage ratings can be supplied. 
Eldema Corp., 1805 Belcroft Ave., El 
Monte, Calif. 

Circle 525 on postcard at end of book 


JUNCTION BLOCK 


Type J block serves as a multiple con- 
nection from a single feed or incoming 
line. Junction block has terminal bar 


| with six 6-32 screws, handling total in- 


of 
ESTERLINE-ANGUS 
RECORDERS 


NEW 1 YEAR 


AGE 


2 YEARS 


@ All E-A Recording Instruments 
are now guaranteed for two years. 
The above reliability curve covering the 
past several years, shows why. The reli- 
ability which starts quite high in a new 
instrument, increases to practically 
100% at the end of two years—and stays 
there. E-A instruments are designed and 
built to give ten years of trouble-free 
service. 

Reliability like this is not quickly nor 
easily achieved. It takes years of develop- 
ment, testing and improvement . . . pro- 
duction know-how resulting from long 
experience... plus conscientious quality 
control, to attain this enviable record for 
reliability. Our one goal for over five 
decades has been to produce this one 
product—the reliable Esterline-Angus 
recording instrument. 

In today’s space-age technology, reli- 
ability of a high order is more important 
than ever before. Reliability Engineers 
stress that simplicity increases reliabil- 
ity. Simplicity also pays dividends in 
ease of operation and the ability to keep 
operating. Since the E-A recorder has 
simplicity and reliability, it is a proven 
choice for today’s requirements. 


Yes, proven by years of use in thousands 
of successful applications. We invite you 
to learn more about these applications. 
Representatives in all principal cities and 
in many foreign countries. 


The 


ESTERLINE-ANGUS 
Company 


No. 1 in fine Recording Instruments 
for more than 50 years. 


DEPT. T, BOX 596, INDIANAPOLIS 6, INDIANA 
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You 


(Considered 


ELECTRONIC WELDING 
for your metal-joining and component assembly problems? 


Choose from over 30 equipment combinations. Remember, 
Weldmatic ELECTRONIC WELDING means metal fusion 
without heat damage... greater reliability, greater strength, 
no cold joints. And now Weldmatic offers automatic seam weld- 
ing with variable firing control. Our free 24-page brochure 
describes techniques, applications, and the complete Weld- 
matic line — world’s most extensive. 


UNITEK 


CORPORATION 


WELDMATIC DIVISION A’. 4 950 Royal Oaks Drive, Monrovia, Calif. 
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coming current of 30 amp max at 300 
volts. It is possible to jumper twelve 
single poles together, thus giving 71 
taps from one feed-in. Blocks available 
with from one to twelve poles or 
terminals. Curtis Development & Manu- 
facturing Co., 3250 No. 33 St., Mil- 
waukee 16, Wis. 

Circle 526 on postcard at end of book 


SURFACE-MOUNTING 
PANEL METER 


Entire printed-circuit meter $35 is con- 
tained in the scale housing and nothing 
projects from the rear except terminals, 
which also serve as mounting screws. 
Magnetically shielded meter extends 14 


in. in front of panel it is mounted on. 
Full-scale ranges offered vary from 1 
ma to 1 amp and 10 to 500 volts d-c. 
Standard accuracy, 1.5 per cent of full 
scale. Temperature coefficient, 0.15 per 
cent of dial reading/deg F. Magnet is 
ceramic, movement is printed circuit, 
bearings are sapphire in silicone-rubber 
mounts. Interlab Inc., 437 Fifth Ave., 
New York 16, N. Y. 

Circle 527 on postcard at end of book 


RECTIFIER 
PHASE-SHIFT CONTROL 


“Silicontrol” phase-shift control for 
silicon controlled rectifiers of all makes 
and ratings provides complete control 
of one or two rectifiers. Control applies 
60-cps pulses to rectifier gates and 
varies their phase angle over 180 deg 


ELECTRICAL MANUFACTURING 





Magnetic Materials from General Electric 
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General Electric D.G. Magnets 


can put you in the bonus area 


& 


Pe 
3 
gc 


: 
3 
z 
3 
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MAGNETIC POTENTIAL 


Here’s how to move into the bonus area of high perform- 
ance and savings as well. 


G-E Directional Grain process for manufacturing Alnico , 
5 magnets gives you the bonus area of available energy for 
your loudspeaker applications. The advantages are im- 
portant. G-E speaker magnets give external energy prod- 
ucts of 0.5 to 0.75 (BH) m x 10° greater than regular 
Alnico 5. In addition, residual induction is improved and 
increased efficiency means cost reductions in the magnetic Conventional Magnet = Alinico 5 0.G. Magnet 
circuit return path, Schematic representation of the effect of control- 
Send for specifications on the superiority of G-E Alnico 5 ling crystal orientation on magnetic structure. 
D.G., and information on the complete line of permanent 
magnets. Write: Magnetic Materials Section, General Elec- 
tric Company, 7804 N, Neff Road, Edmore, Michigan. 
General Electric D.G. crystol 
controlled magnet produced 


by controlling heat flow from 
casting. 


MAGNETIC MATERIALS SECTION 


GENERAL QB ELECTRIC 


CARBOLOYe CEMENTED CARBIDES ¢ MAN-MADE DIAMONDS ¢ MAGNETIC 
MATERIALS # THERMISTORS @# THYRITE® «© VACUUM-MELTED ALLOYS 


Conventional Alnico magnet 
with random crystal structure. 
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to control rectifier output. Silicontrol 


drives controlled rectifiers connected in 

; Z half- or full-wave or inverse parallel, 

7 aI) nae up to 70 amp each. Loss of control 
signal turns off rectifier No bias 


required. Constant-amplitude output 
avoids gate overdrive. Silicon rectifier 
is proportionately controlled up to 
maximum output with less than 4 
ale | a ; a a 4 milliwatt d-c control signal. Four con- 
bY . a | al 7 | > trol windings provided for mixing of 
signals. VecTrolL Engineering, Inc., 
Box 1089, Stamford, Conn. 
Circle 528 on postcard at end of book 


SMALL SILVER-CADMIUM 
BATTERY 


Rechargeable battery 8YSO1 supplies 
9 volts and is made up of eight cells 
of 0.1 amp-hr nominal capacity. It 
will supply power for continuous oper- 


ation for 12 to 15 hr before recharging 
is necessary. Weight, 1.44 oz; total 
Off e volume, 1.36 cu in. Yardney Electric 
ers: Corp., 40-50 Leonard St., New York, 
N. ¥ 


% Fast, Casy installation Circle 529 on postcard at end of book 
e Quick change of time ranges 5-AMP POWER TRANSISTORS 


2N1529 through 2N1538 


© Quick means of localizing trouble accananas cab aneennaeen 
— eee ‘ 


ma 7. 2N1548 (high gain) are germanium 
i INTERNAL TIMER FUNCTION 


SHOWN SCHEMATICALLY p-n-p alloy junction power devices with 


. 
| ee ee a 2 to 1 beta spreads. Transistors intend- 
7 | ed for industrial switching control and 
ce amplifier applications from d-c through 

a a-f range. Collector-base breakdown 
voltages, 40 to 120 volts; measured 

current gains, 20 to 150; transconduct- 


collector common to case. They feature 


To Remove: Lift handle and pull out 
' 


; ; : ; f ; high as 10 mhos;: saturation 
] d r s—2 sw operate — aie 
With 4 switches switches operate resistance, as low as 0.03 ohms. Tran- 
instantly when timer is energized — 2 
switches operate with time delay — delay 


time adjustable — selection of dials from oon SS a ee 


10 seconds to 60 hours. Dept. EM-760 CEAGIIEEING 


MAVY PIER. CHICAGO 
BOOTH NO. 381 


> SIGNAL COMPANY 


Moline, IIlinois 


The Most Complete Line of Time-Count Controls 
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This waterproof tape 
seals tight and holds fast 


From drugs to cables to cars—powerful Polyken tape seals out trouble 


Packaging 
At pharmaceutical companies, packaging engineers 
demand both a perfect seal and holding power —high 
tack, sure adhesion, superior tensile strength. That’s 
why so many use Polyken waterproof tapes. In the 
picture above, you see how one major pharmaceutical 
firm rolls on Polyken waterproof tape in one smooth 
hand operation. This drum contains bulk drugs, which 
exert as much as 35 pounds weight against the lid 
during shipment. 

Electrical 
Another example of the high standards Polyken tapes 
meet in many, widely varied industries, is Polyken 
electrical tape. Electrically, Polyken has countless 
uses in sealing and insulating cables, wires, switches, 
and controls. 

Automotive 
A further example is in automotive assembly, where 
Polyken tapes seal gauge holes and protect parts, 
such as automotive wiring harnesses. 


JULY 1960 


Ask your Polyken representative about the many 
Polyken waterproof tapes and their various uses. 
Polyken men are the most carefully trained tape 
technicians in the business. 


» —— ———. 
j 


Find Your 


Check with the Polyken Industrial Tape 
Distributor nearest you. Look in the phone 
book under ‘“Tapes”’ or write to Polyken 
Sales Division, 309 W. Jackson Blvd., 
Chicago 6, Illinois. (In Canada, write 
Polyken, Curity Ave., Toronto.) 


| 
Neores! Distrebutor i] 

in The 1] 
Yellow Poges’ 


Ae <—— J 


| Poluken 


INDUSTRIAL TAPES 


rT: KENDALL. comrary 


Poltyken Sales Division 
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available in standard models for 26- 
volt or 115-volt sources—Servo- 
motors, Inertia-Damps, Velocity 
Damps, or Servomotor Rate-Gener- 
ators (special models available for 
other voltages). For the servosys- 
tems man working with 115-volt 
reference supplies, this can mean 
an end to accessory gear that so 
often compounds reliability and cost 
problems. 


At the Breadboard stage? Several 
secxman® Size 8 and Size 11 Servo- 





Circle 237 on Inquiry Card 
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sistors meet mechanical and environ- 
mental requirements of MIL-S-19500, 
Motorola Inc., Semiconductor Products 
Div., 5005 E. McDowell Rd., Phoenix, 
Ariz. 

Circle 530 on postcard at end of book 
LATCHING RELAY 


Class 11LP relay is made of two minia- 
ture telephone relays in a common 
support frame with plug-in mounting 
and hold-down clamp. Armatures of 
relays are mechanically interlocked: 
when one armature is energized it re- 





leases the other and becomes latched. 
Aside from interlocking armatures and 
common mounting, each relay is com- 
plete. Relays can be supplied for dif- 
ferent operating voltages or currents 
and with various contact arangements. 
Available for d-c continuous or inter- 
mittent duty and for a-c intermittent 
duty. Available with 8-, 12- or 20-pin 
plug. Overall dimensions, 4 31/32 x 
2 11/16 x 1 11/16 in. Magnecraft Elec- 
tric Co., 3350A West Grand Ave., Chi- 
cago 51, DL 

Circle 531 on postcard at end of book 


ELECTRICAL CONNECTORS 


Type RPE environmental ARK-trol 
connectors are moisture-proof, shock- 
insulated, dust-tight and corrosion-re- 
sistant. Type RPC circuit-breaking 
ARK-trol connectors have all features 
of RPE plus ability to break circuits 
under full rated load. Connectors oper- 
ate in range of —80 to -+-225 F and 
withstand pressure of 300 psi internal. 
Silicone wafer with resilient character- 

(Continued on page 227) 
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REPORT FROM 


MAGNET 
Ala 


wow | Comprehensive Data on 
AVAILABLE Magnet Wire Encapsulation 


— 


A series of thermal aging tests were run by Essex Magnet Wire Lab- 
oratories to determine the compatibility of a number of magnet wires 
with encapsulating compounds. This data has been compiled into a 
test report which can be used as a guide in wire selection. Write for 
the complete test report or consult your Essex Magnet Wire salesman 


about the Essex Continuing Magnet Wire Testing Programs. 


The right insulation for every ap- 
plication with Essex Magnet Wire 


MAGNET WIRE DIVISION EGSEX WIRE CORPORATION, Fort Wayne, indiana 


Manufacturing Planis: Anaheim, Calif.; Fort Wayne, Ind.; and Hillsdale, Michigan 
National Network of Warehouses and Sales Offices .. . Call Your Local ‘Essex Man" 
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Beat the heat with 
MALLORY VITREOUS 


e@ Conservatively rated to run at 300°C surface 
temperature at rated load in free air at 40°C. 


@ Thermally-engineered alloy, enamel and ceramic 
components give higher resistance to thermal 
shock. 


e@ Superior humidity and corrosion resistance. 
The broad line of rugged, long-lived Mallory wire- 
wound resistors covers ratings from 3 to 240 watts, 


in fixed, adjustable and multi-tap styles. Write or call 
us for a quotation. 
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ENAMEL RESISTORS 


See Mallory Controls Company for 


a 
/ 


wire-wound carbon 


controls 


power rotary 


switches 


plugs 


controls & jacks 


rheostats 


Mallory Controis Company, Frankfort, indiana 
a division of 


Yacotr 


ie. 
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Get immediate delivery of 


MALLORY VITREOUS 
ENAMEL RESISTORS 


-.. at factory prices... 


from these Mallory 
industrial Distributors... 


BOSTON, MASS. 
Cramer Electronics 


CINCINNATI, OHIO 
United Radio 


COLUMBUS, OHIO 
Whitehead Radio 


DAYTON, OHIO 
Allied Supply 


INDIANAPOLIS, IND. 
Graham Electronics 


MILWAUKEE, WISC. 
Radio Parts 


NEW BRIGHTON, PA. 
Television Parts 


NEW YORK, N. Y. 
Harrison Radio 
Lafayette Radio 


PALO ALTO, CALIF. 
Zack Radio 


PASADENA, CALIF. 
Electronic Supply 


SEATTLE, WASH. 
F. B. Connelly Co. 


SPRINGFIELD, ILL. 
Bruce Electronics 
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istics is located between the two insu- 
lators, providing cushion against me- 
chanical damage. Crouse-Hinds Co., 
Syracuse 1, N. Y. 
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DIGITAL MEMORY DRUM 


Dynastat magnetic memory drum has 
true flux-responsive read-out, claimed 
to be independent of drum speed and 
the same at standstill as at high rota- 
tional velocities. Drum provides func- 


tions such as variable delay for master 
| control 


of automatic inspection de- 
vices, conveyors and materials-handling 
equipment, program control for auto- 
matic machine tools and other equip- 


| ment, and synchronous conversion of 


binary codes from parallel to serial 
and reverse. Drum responds solely to 


| polarity of recorded magnetic field to 


yield output of sufficient power to be 
directly applicable for logic action. 


Read heads are self-contained bistable | 


magnetic amplifiers. Consolidated Con- 
trols Corp., Bethel, Conn. 


Circle 533 on postcard at end of book 


QUICK-OPERATING 
FASTENER 


“Cam-Bolt” fastener maintains a con- 


stant, leak-proof seal of any prede- | 
termined pressure. Single adjustment | 


made at time of installation insures 
proper sealing pressure without use of 
torque wrench or further adjustments. 
Fastener is locked and released with 
a quarter turn. Shear and tensile load 
ratings are equal to standard bolt. 
Spring does not carry load, but serves 
to hold stud in position during locking 
and unlocking. Available in 4% and 3% 


=, 
INTERCONNECT 
FUNCTIONS 


a2 


SPEED DETECTING 


», GOVERNOR 


ly) 
rel 


UT 
= 


“ nn 
+35 


fl 
“all 


A single SYNPRO-TEX speed 
detecting governor actuates fuel 
supply only after proper amount 
of air is furnished; then governor 
automatically shuts off fuel in 
event of blower failure for any 
reason. 


This is just one example of how 
TORQ governors can inter-con- 
nect as well as control, sequence, 
and limit functions by detecting 


speeds. 


TORQ governors can actuate at 
a single limit or a high and low 
limit in one or many speed ranges 
from zero to more than 15,000 
rpm. They are designed: on a 
patented principle which virtually 
eliminates operating friction, and 
which results in positive snap- 
action for a service life in excess 
of 1,500,000 cycles. 


Write today for 
Bulletin No. 250 


Patents & Patents Pending 


TORQ ENGINEERED PRODUCTS, INC. 
34 West Monroe Steet Bedford, Ohio 
Phone: BEdford 2-4100 


eid ce 
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Carbon 
Brush Caps 


SEND 
YOUR PRINTS 
FOR QUOTATION 


FPLiASTICS 


for Electrical Applications 


123 Rotary Brive 
GURNEE, ILLINOIS 
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in. diam sizes. Simmons Fastener Corp., | 
North Broadway, Albany 1, N. Y. 
Circle 534 on postcard at end of book | 


FEED-THRU CAPACITORS | 


Miniature capacitors, for use in radio | 
interference suppression, have react- | 
ance which closely matches the curve | 
of a perfect capacitor through fre- | 

! 


uae 


} quencies to 1000 mc. Capacitors trans- 


mit through shields, bulkheads, or 
other ground potentials, and by-pass 
undesirable frequencies. Hermetically 
sealed in non-magnetic tubular cases 


with glass-to-metal end seals, units are 
| available in Mylar and foil, metallized 


paper, polystyrene, metallized Mylar, 
and hermetically sealed paper. Hopkins 
Engineering Co., 12900 Foothill Blvd., 


| San Fernando, Calif. 


Circle 535 on postcard at end of book 


| STEPPING MOTOR 


Size-5 motor is available with 8, 10, 12, 


| 18, 20 and 24 steps per revolution, and 


in uni-directional or bi-directional 
models with or without detent. Me- 
chanical load can be positioned manu- 
ally in either direction and direct coup- 


| ling of shaft to load permits mounting 


of position indicator on shaft. Shaft 
extensions available at one or both 
ends. Stepping rate, 15 to 25 per sec, 
depending on number of positions, load 
and other factors. Mechanism has mag- 
netic anti-overcoast. Available in any 
duty cycle within operating voltage 
range from 6 to 350 volts d-c. Ledex, 
Inc., 123 Webster St., Dayton 2, Ohio. 
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VULCAN 


meets your 


needs for 


electric 
heat... 


VULCAN CIRCULATION HEATERS 
Complete range of sizes for heat 


ing onl, water, steam, air and 
gases 


VULCAN RADIANT HEATERS 
Unlimited applications for spot 
comfort heating and drying 


———- 


VULCAN IMMERSION HEATERS 
For direct immersion in all types 
of liquid materials 

Vulcan’s complete line includes 
strip, cartridge, tubular, band and 
other heaters. Write for catalog 
VG-200 


Tit nt ay 


VULCAN ELECTRIC COMPANY, Danvers, Mass. 
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JR MINIATURE 


AAR lA } ‘ < 
connection in the 
A ; | r ; re r oO 

nN imnGusifial app Quons t exireme 


;~ Cannon can solve a critical space problem. 


5u should always consult the world's 


experienced plug manufacturer...why you should consult 


for all your plug requirements. Write for literature to: 


CANNON ELECTRIC COMPANY, 3208 Humboldt St., Los Angeles 31,C 


JULY 1960 Circle 243 on Inquiry Card 








SCR PRICES 


(C3SB) 
1958-1960 








General Electric’s C. G. Lloyd 
brings you up-to-date on the 


revolutionary 


Silicon Controlled Rectifier 


The Controlled Rectifier picture changes so rapidly, in- 
formation you may have obtained six months ago is 
now out-of-date. For this reason, C. G. Lloyd, General 
Manager of General Electric's Semiconductor Rectifier 
organization, answers here some of the questions most 
frequently asked questions about a device many au- 
thorities consider the most revolutionary development 
since the transistor itself. 


Q. Last year I looked into the SCR and found it too ex- 
pensive. Has this situation changed? 

Lloyd. Indeed it has. The C35B (16 amps, 200 volts) was 
originally introduced at $160 in 1958, was priced at $65 
a year ago and has just now been reduced to $20. 

Q. How does the SCR compare with similar devices in 
prices? 

Lloyd. SCR’s are in the same price bracket as many ger- 
manium power transistors and actually cost less than sili- 
con power transistors, magnetic amplifiers, many relays, 
thyratrons and other devices the SCR has replaced. 

Q. What about associated circuitry? Doesn't that bring 
up the cost? 

Lloyd. The drive circuits for SCR’s are generally simpler 
than for the other devices, and in particular, protection 
against overvoltage and current is easier to accomplish 
than for power transistors — making the SCR-equipped 
device more reliable and much less expensive over-all. 

Q. But your C35 is still too high-priced for my applica- 
tion, and the current rating is more than I need. What 
would you suggest that I do?” 


Lloyd. Perhaps you could use the C1IOB. It’s rated at 4.7 
amperes single phase and 6 amperes d-c and costs as low 
as $11.10. Lower rated units go down to $5.00. 

Q. What else should I know about the C10? 


Lloyd. Well, it has a more sensitive gate trigger and lower 


leakage current. And surprisingly, even though it’s smaller, 
it can operate at a higher temperature. 


Q. The C10 sounds like it might be in the right range. 
How is it on power? 


Lloyd. Two C10B’s will control over 1 kw on 117 volts 
for about $25. Compare this with any other method — 
power transistors, saturable reactor or thyratron. 


Q. Do you have any other types? 


Lloyd. We sure have! The CSO Series is a high-current 
unit that performs up to 50 amperes. It also has a 1000- 
amp. surge current rating. Then there’s the C40 Series, 
with high-speed turn-off for inverter applications. That’s 
an important field for the SCR. 

And also there’s the C36 Series. It goes to 10 amperes. 


Q. General Electric has talked a lot about the SCR in the 
past couple of years. Have your customers brought SCR- 
equipped devices to market? 

Lloyd. They’ve been doing so for a year or more and the 
pace of conversion to SCR devices keeps stepping up all 
the time. Our customers are now selling many types of 
SCR-equipped products. The applications are numerous. 
Some of the prominent ones are regulated power supplies, 
light dimmers, static switches, inverters, power-control 
circuits, radar modulators and ultra-sonic generators. 
And I'm sure there are many that haven't been reported 
back to us as yet. 

Even at last year’s prices many of these people found the 
SCR the best solution to their problems. We believe our 
new prices will bring in hundreds of new users. 

Q. What about General Electric? Do you use the SCR? 


Lloyd. Some 40 departments of General Electric are now 
using the SCR. Why we even use SCR’s to make SCR’s. 
Our ovens, furnaces and test fixtures are equipped with 
controlled rectifiers to provide very precise, reliable and 
low-maintenance temperature control for our processes. 


To bring you completely up-to-date on the SCR, contact your General Electric SPD Sales 
Representative, or write Section $2070, Semiconductor Products Dept., General Electric 
Company, Electronics Park, Syracuse, N. Y. In Canada, 189 Dufferin St., Toronto, 
Ontario. Export: International General Electric, 240 East 42 St., N. Y. 17, N. Y. 


GENERAL @@) ELECTRIC 


For fast delivery at factory-low prices, see your General Electric Semiconductor Distributor. 
Circle 245 on Inquiry Card 





COAXIAL CABLE 
CONNECTORS 


K-Grip may be used with standard con- 
nectors and allows connector parts to 
be readily removed from coaxial cable 
for inspection or repair. Assembly is 


Miia —| Gow 
—— 


accomplished by means of Thomas & 
Betts tool. Where connector has brass 
center contact, no soldering is needed 


W a i | because contact may be crimped to 

e operate a ee j ‘ , | center conductor. Available for stand- 

¢ : | ard cable sizes. Kings Electronics Co., 

COM PLETE , Inc., 40 Marbledale Rd., Tuckahoe, 
Y he ¢ 


Circle 537 on postcard at end of book 
Motor Plant 


PRECISION SERVO 
GEARHEAD 


Gearhead Model G-21A is designed 
for instrument servomotors with same 
mounting dimensions as Diehl FPE21L 
and FPE25L motors with 13T, 96DP 


pinion. Gearhead available in motor- 
gearhead combination or as a sepa- 


...that’s why quality and economy) ‘=o 


ratios. Illustration shows gearhead 


go hand-in-hand in famous GI motors 


True economy in any manufactured 
product is achieved by more efficient 
production, not by the use of cheaper 
components. In General Industries’ 
plants, we produce practically every 
component of GI motors except the raw 
materials. Our self-sufficient, 

integrated production lines, employing 
the most modern machinery, permit 

us to offer you quality and economy 
unexcelled in the A.C. motor field. 

Add our 40 years’ experience in 
designing and building motors for every 
requirement, and you can readily see max; rated output torque, 50 in.-oz 
why leading manufacturers the (running) and 70 in.-oz (stalled) ; 
world over prefer to Specify GI! | output shaft backlash, 30 minutes max 


Fe with 5 in.-oz load; temperature range, 
Mowe —65 to +120 C. Feedback Controls, 
SA WEL Inc., 8 Erie Dr., Natick, Mass. 
Circle 538 on postcard at end of book 
AC MOTORS 
1/1800 H. P. TO 1/35 H.P. | FREQUENCY METERS 


Series M vibrating-reed panel-mount- 
ing meters are supplied in standard 
frequencies of 50, 60 and 400 cps. 
Models for 25 to 25,000 cps on special 
order. Nine- and 17-reed models stand- 

THE GENERAL URS aS UE ard. Reed frequency spacing can be 
linear or non-linear. Each reed cali- 

DEPT. GL © ELYRIA, OHIO brated to +0.3 per cent absolute. In- 


coupled to servomotor. Model G-21A 
starting torque at 20 C, 0.005 in.-oz 


Catalog Available on Request 
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now THE SULUIGOW ES WIA neppeo 


BUILD A BIGGER SEALED, DRY TYPE TRANSFORMER 


Yr ARS ago, after consulting the Silicones Man, a 
major manufacturer designed and built one of the 
first big Llass H, sealed, dry type transformers. 
Nitrogen-filled, the unit had what was a phenome- 
1000 KVA, with a tempera- 
transforming 4160 volts to 440 


nal rating for dry types - 
ture rise of 160°C- 
volts, three phase. 

The insulation which made this possible was 
UNION CARBIDE R-620 Silicone Impregnating Var- 
nish —today, a standard of the industry. 

Now your Silicones Man continues to introduce 
more “firsts.” For example, UNION CARBIDE XR-65 
Silicone—a 100 per cent reactive resin—for Class H 


Uniocking the secrets of silicones 
Rubber, Monomers, Resins, Oils, Emulsions 


“Bakelite” and “Union Carbide’ 
trade-marks of Union Carbide Corporation 


are registered 


coils and electrical equipment. This new solvent- 
less resin cures in thick sections at temperatures as 
low as 125°C. Yet it meets AIEE 220°C. ratings, 
withstanding starting and surge loads involving 
temperatures up to 250°C, 

If you have not yet investigated R-620 and XR-65 
Silicone Varnishes for high temperature electrical 
applications, contact your Silicones Man for infor- 
mation. He has offices in many cities. Or write 
Dept. GJ-6002, Silicones Division, Union Carbide 
Corporation, 270 Park Avenue, New York 17, N. Y. 
In Canada: Bakelite Division, Union Carbide 
Canada Limited, Toronto 7, Ontario. 


Sil SILICONES 
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VU 
HUE 
FOR INDUSTRY FROM rt hag: 20,115, 20 ant 


of reeds to order. Winslow Co., 701 
es a 


= Ld Lehigh Ave., Union 
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ir mI t ¢ SERVO MOTOR HAS 
PLASTICS BODY 


Integrally cast in thermosetting epoxy 
resin, Size 1] servo motor Model R2404 


UNITIZED RECTIFIER |e 









i 


load speed is 6200 rpm; power output, 
0.9 watt max; torque at max power 
output, 0.33 oz-in.; speed at max power 
output, 3200 rpm. Cedar Engineering 
Div., Control Data Corp., 5806 W. 36 
Minneapolis 16, Minn. 

Circle 540 on postcard at end of book 


miata Ce) Se tae tdi eli tien FILTER-FAN 


Muffin fan is offered in combination 

the pressure-building capacity of the 

25 KV @ 300 ma | fan. Provides 75 cfm of filtered air 

175 KV @ 1.7 amp with clean filter in place. This is a 

drop of 25 per cent from 100-cfm free- 
delivery rating of fan without filter. 
Filter box adds slightly less than 34 in. 
to overall depth of installation. Fan, 
filter box and grille frame form single 
package which is locked together and 
held in position by mounting clips. 
Once mounting clips are fastened to 





| Other sizes available up to 150 KW DC *Units ordinarily supplied without tubes. 


For quotations on this and other custom designs, be 
sure to specify DC output desired, Isolation required, 
Space requirements (if any), Input voltage available, 
frequency and type of rectifier tube. 


Light Electric Corp. 


218 Lackawanna Avenue, Newark 4, New Jersey 
Telephone: HU 5-4110 


equipment wall, balance of assembly 
can be performed without tools. Filter 





UNITIZED RECTIFIERS 
oll immersed to 100 KVA 
rectified outputs to 
75 KV DC 


unit high voltage test sets 

reduced corona 
transformers for 
corona testing 


UNITIZED CONTROLLED POWER MISCELLANEOUS 


dry or oil immersed | 
| 
I 
SOURCE audio output transformers 
| 
! 
| 
| 
| 
! 
| 


1 to 250 KVA 

rectified outputs to 
75 KV DC 

50, 60, or 400 cps 


saturable reactor or 5 cps to 10 ke 


! 

| 

| 

! 

| 

FILA | 
ILAMENT TRANSFORMERS Saaieaat auto 5 to 30 KVA 

| 

| 

| 

| 

| 


low capacitance 
high reactance 
multiple coil 


capacities to 100 KVA saturable reactors 
AC or DC outputs for furnace 1 to 100 KVA 
or plating applications amplistat for contro! of 


rectifier output 
LABORATORY EQUIPMENT current limiting reactors 
high voltage testing tapped furnace or 
transformers annealing transformers 


CHOKES 
filter 
charging 





! 

I 

l 

I 

I 

l 

l 

l 

l 

1 PLATE TRANSFORMERS 
! 

i 

l 

! 

| 

! 

| 

| 
= 
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Why Delta Air Lines Chose 
J-M Dutch Brand Plastic Electrical Tape 
for Trouble-Free Electrical Maintenance 





*k Before choosing Dutch Brand conceivable enemies of wiring connections. Easy 

“wu Plastic Electrical Tape for the to use, the tape adhered fast, readily stretched 

new application of Jetlinermain- and conformed to irregular surfaces, wrapped and 

tenance, Delta knew the trouble-saving value of sealed tightly. A finished job of just one or two 

its complete combination of protective properties snug turns meant trouble-free protection—at a 
Delta was already using 75 miles of the tape savings of tape, taping time, expense. 


annually to service its prop fleet. ; ‘ : 
For idea-suggesting reading valuable 


A single thickness of Dutch Brand Plastic Elec- _‘in your operations, get the new book- 

trical Tape provided high dielectric strength. It —_let, “How J-M Dutch Brand Tapes 

resisted oil, grease, acids, alkalies, abrasion, |§ Helped Solve Maintenance Problems 
, Nears corrosive salts and fumes—almost all at Delta Air Lines”. Write today. 


In Canada—Johns-Manville Co., Ltd., Port Credit, Ontario | 


=4\4' Jounns-MANVILLE 
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JOMNS MANVILLE JOHNS-MANVILLE DUTCH BRAND DIVISION 
iwi 7800 South Woodlawn Avenue, Chicago 19, Illinois i 
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ACTUATES ANOTHER PRECISION PRODUCT 


» . S a 


THERMOMETER: 
MOVEMENTS 





“Whether it's cold or whether it's hot" .. . the weather is 
still one of the big topics of every day. Helping you to keep 
track of the weather are those big billboard thermometers 
you pass along the way. And the readings on the big dials 
ere accurate, too, thanks to T. W. O'Connell thermometer 
movements supplied to the electric sign industry. Simplicity 
is the keynote .. . all excess parts are eliminated. The big 
pointers ore rotated by a direct drive which is motivated by 
Chace Bimetal Coils. Temperature range: minus 40° to 
plus 120°. 


Many of the uses of Chace Bimetal are in areas far removed 
from the excitement and romance of missiles, rockets, 
satellites and so forth. Millions of temperature controls, 
switches, circuit breakers and, yes, billboard thermometers 
keep the American way of life functioning smoothly. In 
most cases we are hardly aware of the fact that they're at 
work, because they operate for years without care of any 
kind. Even the purposely simple O'Connell Movements must 
be built to withstand the rigors of exposure to all sorts of 
weather conditions. Chace’s third of a century in manu- 
facturing precision bimetal only is one of the main reasons 
why Chace is specified by large and small buyers every- 
where, whether their products be complex or simple. 


If your new product is approaching the design stage send 
for Successful Applications of Chace Thermostatic Bimetal.”’ 
It contains illustrations and design data on more than 30 
different types. Chace bimetal is available in strips, coils 
and in completely fabricated elements of your design. 


Pe eA 


BENS Weel UVM ott VINE 


1608 BEARD AVE., DETROIT 9, MICH. 
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is permanent and washable. Filter mate- 
rial is Air-Maze Media P96A, providing 
efficiencies of 80 to 85 per cent dust 
arrest. Rotron Manufacturing Co., 
Woodstock, N.Y. 
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NEMA TYPE 4 
PANEL ENCLOSURES 


Enclosures made of sheet steel are 
designed to house electrical controls in 
areas which are in or out-of-doors. 
Cabinet doors have one-piece, neoprene 
gaskets and are sealed by screw clamps 
on three sides; fourth side has con- 





tinuous hinge. Removable panel is 
mounted on studs. All door hardware 
is stainless steel. Standard sizes for 
single-door, wall-mounted models range 
from 16 x 12 x 6 in. deep, to 60 x 36 x 
10 in. deep. Hoffman Engineering 
Corp., Anoka, Minn. 

Circle $42 on postcard at end of book 


WIDE-BAND 
COMPUTATIONAL RELAYS 


Two pneumatic relays for square root 
extracting and for squaring have been 
introduced for control systems. VSR 
relay extracts square root down to 10 
per cent of output span while VS relay 
forms squares from 1 per cent of output 
span. Relays employ _null-balance- 
vector mechanism and integral pneu- 
matic amplifiers. Relays have input and 
output ranges of 3 to 15 psig with air 
consumption of 0.2-scfm and nominal 
error of 1 per cent of output span. 
Relays are in weatherproof housings for 
wall or yoke mounting. Republic Flow 
Meter Co., 400 No. Lexington Ave., 
Pittsburgh 8, Pa. 
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Unit-mounted frame and coil part. . . 
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Be 


and “‘universal’’ contact blocks... 


GENERAL ELECTRIC OFFERS 


NEW “building-block” d-c contactors and relays 


General Electric's new line of d-c con- 
tactors and relays features a new 
concept in component design—building- 
block construction. Using front-con- 
nected frame and coil parts, standard 
assembly kits, and “universal” contact 
blocks, more than 100 different control 
devices can be assembled. This new 
design concept makes possible these 
important cost-saving advantages: 

Reduced inventory—with building-block 
design, you need to stock only a mini- 


mum number of standard parts. Not 
only does this mean less costly inven- 
tory, but valuable storage space can be 
released! 
Immediate availability—with General 
Electric devices, the contactor or relay 
you want can be assembied on the spot! 
No need to order a specific device and 
await delivery, or stock a large num- 
ber of special ratings. Assemble what 
you want—when you want it! 

Order today from General Electric’s 


. o > 


with hardware assembly kits... 





permit assembly of more than 100 devices 


complete line of stock d-c contactors 
and relays featuring the new building- 
block construction, 


NEED OTHER COMPONENTS? 


General Electric also has complete 
lines of plate rheostats and vitreous- 
enameled resistors for all your control 
needs. For more information, contact 
your General Electric Sales Repre- 


sentative or mail this coupon today! 
Industry Control Dept., Salem, Va. 


GENERAL @@ ELECTRIC 


Vitreous-enameled resistors—1070 ohmic val- 


Plate-type rheostats—windings are com- 


ues from stock, fixed or slide-wire, 5 to pletely encased in metal to give longer and 


200 watts. Call your G-E representative. 


Por. 
Z 


more reliable service for any application. 


pocccfcerftete 


To: Section 0784-25 
General Electric Co. 
Schenectady 5, N. Y. 


Please send the following bulletins: 
C2) GEA-4621—D-< contactors and relays 
DO GEA-6592—Vitreous-enameled resistors 
C GEA-6474—Plate-type field rheostats 


Name 
Company___ 


Address __ 





- 
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AIR FLOW SWITCH 


Air-flow-actuated switch Model 101 is 
designed for use in air-conditioning, 
crop-drier applications, gas-fired heat- 
ers, etc. When rate of air flow past 


DISCERNING 
DRAFISMEN 
THE WORLD OVER 
DEMAND IMPERIAL 
THE WORLDS FINEST 
TRAGING GLOTH 


Circle 252 on Inquiry Card 


value, 
snap-action switch makes or breaks 
rated at 15 amp, 125/250 
volts a-c. Era Engineering, Inc., 1009 
Montana Ave., Santa Monica, Calif. 
Circle 544 on postcard at end of book 


SEALED PLUG-IN 
SERVO MODULES 
Hermetically 
9805-20 
tachometer -generitor 


unit exceeds predetermined 


contacts 


sealed module Series 


consists of a servo-motor 
coupled thru a 
reduction gear train to a synchro con- 
trol transformer with top speed of 10 


deg per sec. Speeds can be varied over 


MODERN 
ELECTRONIC 
ENGINEERING 
GIVES PRECISE 
MOTOR SPEED 
CONTROL 


1/100 — 10H. P. 


Modern industrial electronic en- 
gineering has been coordinated 
with electric motor design te 


provide a versatile means for wide limits. Design can be modified to 


obtaining the full possible od- 
vantage of speed control in DC 
motors while operated from the 
regular alternating current power 
line. Grid controlled “Thyratron” 
tubes are utilized for power con- 
trolled stepless variation to sup- 
ply motor armoture power 
Potented feedback, of “Servo” 
circuits provide constant torque 
capability over wide speed ranges 
of as high as 60 to 1 in some 
models and a minimum of 20 
to 1 in others. 


Ih Mattel oe) 74s eee 


4 Godwin Ave 


Paterson N J 
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replace control transformer with poten- 
tiometer. Applications: automatic stabi- 
lization amplifiers, autopilots, etc. Units 
measure 4 x 24g x 1 in. and weigh 9 
oz. John Oster Manufacturing Co., 
Avionic Div., 1 Main St., Racine, Wis. 

Circle 545 on postcard at end of book 


TRIMMING POTENTIOMETERS 


Precision trimmers, Types 768 and 769, 
are encapsulated in an epoxy resin. 
Without encapsulation, trimmers meet 
humidity requirements of MIL-STD- 
202A, Method 106A or MIL-E-5272A, 
Procedure 1. Trimmers use film of 
evaporated alloys of precious metals as 
the resistance element. Temperature 


ELECTRICAL MANUFACTURING 





Product- Design 
BRIEFS 
from Durez 


MIND OVER MOTOR 


This phenolic fan will help an ‘electric 
motor run cool and quiet for years to 
come. 

It won’t warp out of shape if the mo- 
tor toils for hours in the hot sun or sits 
idle for days in a damp cellar. It won't 
rattle or hun. 

To the men who make the motor, it 
means a better product; the right blade 
contour with no machining. Precise 
concentricity and balance, molded in. 
Light weight. 

Perhaps you could use these advan- 
tages of Durez phenolic in one of your 
products. Your custom molder will be 
glad to talk with you about it 


THE BROWN. .BROCKMEYER CO 


DECAR PLASTIC CORPORATION 


LESSON IN LAMINATES 


Think back—to a classroom of desks 
with varnished ink-stained tops gouged 
with the initials of your predecessors. 

Then think ahead, as the makers of 
school furniture are doing. They use 
tough plastic Decarlite desk-top sand- 
wiches—laminates that take pupil pun- 
ishment in stride. The best of these 
have a layer of Durez phenolic in them. 

Lesson for today: if you want a lam- 
inate to be stiffer and harder, to be di- 
mensionally stable, to last longer and 
hold its shape better, think of Durez 
phenolic resins. They’re low in cost. 
They bond, impregnate, harden—and 
stay that way for keeps. If you'd like to 
know more about what these versatile 
resins can do for you, write us describ- 
ing the problem. 


1307 
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WALCK ROAD, NORTH TONAWANDA, N. Y. 


HOOKER CHEMICAL CORPORATION 
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BRAIN FOR A BOMBER 


This is a read unit of a latitude data 
computer, part of the B-52’s intricate 
bombing-navigation system made by 
IBM. 

Engineers had trouble molding one 
part (arrow). They were using a plas- 
tic which required a high molding pres- 
sure. This high pressure damaged the 
steel part of the pin assembly by forcing 
it into the locating portion of the mold. 

A switch to a Durez dially] phthalate 
molding compound was the answer. 
This material molds at lower pressures 
and provides the right physicals with 
virtual freedom from cold flow and 
creep. 

When you want reliability in a sys- 
tem—with no room for compromise—a 
Durez diallyl phthalate compound may 
be your solution, too. For data on these 
premium-quality materials, write us or 
check the coupon. 


(BM FEDERAL SYSTEMS DIVISION 


For more information on Durez materials mentioned, check here: 
Phenolic molding compounds—descriptive Bulletin D400 
Phenolic resins—illustrated bulletin describing uses 
Diallyl phthalate molding compounds—data sheets 

Clip and mail to us with your name, title, company address. 

(When requesting samples, please use business letterhead.) 


DUREZ p.iastics DIVISION 
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To the engineer 
0) Crea (i 
CANT CRIALE 
in matched 
sets and 
AMT 


Tese special-purpose Kelvin ratio bridges shown above were built 
especially for Ultronix by ESI. 

They can calibrate precision wire-wound resistors in Ultronix matched 
sets and networks to an accuracy of 1 part per million. 


Ultronix operates these bridges in a separate temperature-controlled 
area for precision manufacture. There you will find the most accurate 
installation of measuring equipment outside the U.S. Bureau of 
Standards. 


This is one reason why Ultronix can offer networks and sets with ratios 
matched as closely as 0.001 per cent and absolute values within 0.01 
per cent. It’s virtually impossible to measure closer in production quan- 
tities. With this passion for precision, Ultronix combines imaginative 
engineering, advanced manufacturing techniques and strict quality 
control procedures. 


This is why Ultronix has become—in less than 3 years—the pre- 
ferred source for precision wire-wound components. In some cases, 
the sole source. 

At Ultronix, precision is our most important product. 


For catalog data, please address Dept. 32. 
See us at Wescon, Booth 603 


U LTRONI X 111 EAST 20th AVENUE 


SAN MATEO, CALIFORNIA 
PHONE FIRESIDE 5-7921 
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range, —55 to +175 C. Adjustments 
made with a 28% -turn screw. Five 
micro-finger contacts of precious metal 
minimize wiper contact resistance. 
Available in resistance ranges from 50 
to 25,000 ohms with nominal linearity 
of +5 per cent. Fairchild Controls 
Corp., 225 Park Ave., Hicksville, N.Y. 

Circle 546 on postcard at end of book 


SILICON COMPUTER DIODES 


Glass diodes feature maximum recovery 
time of 4 nanosec together with low 
capacitance, typically less than 1 pico- 
farad. Listed as 1N903 through 1N908, 
plus 1N914 and 1N916, these units give 


voltage ratings up to 100 volts and 
average rectified current up to 75 ma. 
Diodes meet requirements of MIL-S- 
19500B. Rheem Semiconductor Corp., 
350 Ellis St., Mountain View, Calif. 
Circle 547 on postcard at end of book 


RACK AND PANEL 
CONNECTORS 


Series DTD is being offered with single 
or double inserts mounted in a die-cast 
aluminum alloy shell. Design permits a 
large number of contacts in small area. 
Connectors with 50, 78, 100 and 156 
contacts, or combinations of these in- 
serts, are presently available. Ad- 
vantage of Series DTD connectors is 

(Continued on page 243) 


Circle 256 on Inquiry Card > 








. 

F >» 2 
oF l 
a 









eae a 


; 


Compatibility testing of Epoxy Magnet Wire with encapsulating materials 


Thousands of Compatibility Tests help show why 


EPOXY MAGNET WIRE HELPS SIMPLIFY DESIGN AND INVENTORY PROBLEMS 


Thousands of chemical and thermal stability tests in the sizes. It can also be furnished in combination with Vitrotex 
laboratory at temperatures above 130°C plus over tour (glass served) for positive thermal overload protection 
years of field experience—show that Anaconda Epoxy Magnet You can see how Epoxy offers many interesting possibilities 
Wire is compatible with virtually every varnish, encapsulating for cutting costs and simplifying production through standard- 
and potting compound currently in use ization in many totally enclosed as well as open applications 
This outstanding high-temperature compatibility alone is Our technical staff and our Research and Development 
reason enough to consider Epoxy practically an “‘all-around , Laboratory facilities are available to give you assistance in 
magnet wire. But this Anaconda-developed magnet wire has your compatibility and other magnet wire problems. See the 
outstanding dielectric strength. heat shock, adherence, and man from Anaconda. Or write: Anaconda Wire & Cable 
flexibility properties as well. And test results show Epoxy per Company, 25 Broadway, New York 4, N. ¥ 
torms well in transformer oils and exhibits excellent resistance 


to attack from acids, alkalis and moisture conditions ASK THE MAN FROM 
Anaconda Epoxy is a 130°C (AIEE Class B) enameled 


magnet wire, but it costs no more than most 105° Class A 
magnet wires. This means you can often thermally upgrade 
your components to Class B at no additional cost. It's readily 


available, too ina full range of round, square and rectangular FOR EPOXY MAGNET WIRE 
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CONSTANT SPEED AND TORQUE OF 
EMERSON ELECTRIC MOTORS 


is assured by balanced 
Die-Cast Rotors 


The precision tolerances of the rotors in Emerson Electric 
Motors insure a uniform air gap for constant speed and 
torque. Noise and vibration are kept to a minimum by 
the symmetrical rotor design that provides a_ porous 
free casting. The rotor is supported on each side to 
decrease the bearing load and give your application long 


trouble-free operation 


EMERSON ELECTRIC MOTORS are custom engineered 
to suit your specific needs. Call us today —you'll like our 


way of doing business! 


EMERSON ELECTRIC of St.Louis + Since 1890 


AN T . s T Louis 36 MoO . co 141-1800 


oerprT. M-13, 8100 FLO 
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that either male or female inserts are 


interchangeable in field as a_ sub- 
assembly. Insulating material is Mela- 
mine. Contacts are brass (pin) and 


phosphor bronze (socket). Silver and/- | 


or gold plating provided. Double insert 
Series DTD2 utilizes an optical screw 
fastener. H. H. Buggie Div., Burndy 
Corp., Box 817, Toledo 1, Ohio. 

Circle 548 on postcard at end of book 


MAGNETIC AMPLIFIER 


Model JEG-O-101 amplifier produces a 
maximum power output of 3.5 watts at 
100 cps into a rated load of 3800 ohms 
Magnetic amplifier will produce phase 
reversible a-c output for polarity re 
versible d-c input signal. A’ simple 


twin-triode tube furnishes ample drive. 
Unit constructed to general require 
ments of MIL-T-27 

55 to +71 ¢ Size, 244 x “hs x 17M 


Ambient range, 


in.; weight, 114 oz, approx. American 
Research and Manufacturing Corp., 920 
Halpine Ave., Rockville, Md 

Circle $49 on postcard at end of book 


-IGHTWEIGHT 
CURRENT TRANSFORMER 


Epoxy-resin current transformer Model 
TWM., for light-duty metering, is de- 
signed in four current ratings, 200:5, 
100:5, 600:5, and 800:5 amp Window 
openings of highest current rating can 
accommodate two 750 MCM or three 
MCM insulated cables. Secondary ter- 
minals on top are protected by weather- 
resistant sealable cover. Transformer is 
adaptable for conduit type hook-up and 
can be used on two- or three-wire, 

Continued on page 244) 


SARKES TARZIAN SILICON RECTIFIERS 


ORT eR Pee UTE 
Small size with large capacity 


Here are two closely related series of high-performance Tarzian 
silicon rectifiers with oversized junctions capable of handling inrush 
currents far in excess of normal current requirements. Their 
stability and excellent thermal characteristics are due to careful 
selection of materials and close quality control. Their low cost is 
the result of typical Tarzian efficiency in volume production. 


Ligand Suan 


—aa—— F SERIES 


The Tarzian F Series now includes four silicon rectifiers... 

covering a current range of from 200 to 750 milliamperes dc (to 85°C). 
Low forward drop and low reverse current are featured 

with positive environmental seal and axial leads. 


ADVANTAGES 


Small size « Low-cost « Oversized junction 
Versatile mounting ¢« immediately availabie 


Max. Amps 
Recurrent Surge 
RMS Volts Peak (4ms) 


Tarzian Amps. 0C Max. 
Type (85° C) 
2F4 .20 
F-2 -75 
F-4 -758 280 
F-6 .75 420 


a » fam . 


— t= H SERIES 


The Tarzian H Series includes six rectifiers rated at 750 milliamperes 
at 100°C. The H Series features hermetically sealed units with 
axial leads plus low forward drop and low reverse current. 


ADVANTAGES 


Smali size « Lowcost « Hermetically sealed 
Heavy duty junction ¢ Avaiiabie from stock 


Max. Amps 
Tarzian Amps. DC Max. Recurrent Surge 
Type (100° Cc) PIV RMS Volts Peak (4MS) 


10H -75 7.5 7s 
20H -75 7.5 7s 
30H -75 7.5 7s 
40H -75 75 7s 
SOH -75 7.5 7s 
60H 75 75 7s 


For additional information, write Section 5023E. Sarkes Tarzian 
is a leading supplier of silicon, tube replacement, and selenium 
rectifiers. Practical application assistance is always available. 


SARKES TARZIAN, INC. 


World's Leading Manufacturers of TV and FM Tuners « Closed Circuit TV Systems « Broadcast 
Equipment « Air Trimmers « FM Radios « Magnetic Recording Tape » Semicondector Devices 


SEMICONDUCTOR DIVISION « BLOOMINGTON, INDIANA 
in Canada: 700 Weston Rd., Toronto 9 «+ Export: Ad Auriema, inc., New York 
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CLASS H UNSUPPORTED TAPES 

@ GUIDELINE self-adhering, triangular tape with col- 
ored line at apex for guiding overlapping layers. 
Tape has an interliner and requires no heat for 
bonding adjacent layers. Also supplied in rectang- 
viar form without center line. 


CLASS H SUPPORTED TAPES 

@ Cured Tapes: Silicone rubber coated tapes in 
many variations of thickness, silicone compound and 
base fabric. 

@ Semi-Cured Tapes: A semi-cured silicone rubber 
coating on gloss or other fabric. Tape has no inter- 
liner and heot is required to bond multiple layers 
of tape. Tape con be supplied coated on one side 
or two sides. 

© Self-Adhering Tapes: A self-adhering silicone 
rubber coating on gloss or other fabrics. 


TEMP-R-T APES: 

© Pressure-Sensitive Tapes: Thermal curing tapes 
with backings of Teflon® glass fabric and silicone 
coated glass fabric— all with silicone adhesive. 
Available from stock. 


For additional data, we invite your inquiry. 


ELECTRICAL AND INDUSTRIAL SPECIALTY TAPES 


CONNECTICUT HARD RUBBER CO. 


*duPont TM Main office: New Haven 9, Connecticut 


Circle 259 on Inquiry Cord 


NOW AVAILABLE 


—a Permanent Binder 
for your Reprint Copies 
of ‘Science & Engineering” 


See Order Form 
on page 170 


single and polyphase circuits. Meets 
requirements of NEMA standards for 
metering current transformers for 
low-voltage circuits, Type IV. Allis- 
Chalmers Mfg. Co., Milwaukee 1, 
Wis 

Circle 550 on postcard af end of book 


VARIABLE DELAY LINES 


S532 delay line is a lumped-constant line 
molded as an integral part of a 32- 
contact rotary switch. Package has 2.75 
diam x 1.75 in. depth and weighs 14 oz 
Delay functions as double-pulse oscil 
lator with variable time intervals be 


tween pulses when used with pulse 
generator; provides accurate measure 
ment of time intervals, Radar ranging 
and distance calibration: synchroniza- 
tion of two events: adjustment of delay 
triggering variable time delay for 
pulses, phase-angle measurement and 
time measurement of various signals are 
other applications. Six models available 
with total delay of 0.5, 1, 2, 5. 7.5 and 
10 psec. Each line ‘as 10:1 delay-to 
rise-time ratio at maximum delay 
Characteristic impedance, 100 to 500 
ohms. Valor Instruments, Inc 13214 
Crenshaw Blvd.. Gardena, Calif 

Circle 551 on postcard at end of book 


COLD-CATHODE LAMPS 


Custom-built light sources for use in 
specialized illumination applications 
may be built to almost any size, shape 
design and color. Lamps illustrated 
produce 80 to 120 lumens per watt as 
igainst incandescent sources which pro 


Continued on page 248) 
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EASTERN 


ANNOUNCES ITS NEW FLEET OF 


FLYING FREIGH TERS 


~_ 


o 


OVERNIGHT DELIVERY 


NEW YORK—MIAMI—SAN JUAN 
NEW YORK —ATLANTA— NEW ORLEANS — MOBILE— HOUSTON 
CHICAGO—ATLANTA—MIAMI-—SAN JUAN 


* Reserved space on every Freighter flight. 

* Pressurized and temperature-controlled. 

* Flights daily except Saturday and Sunday nights. 
* Pickup and delivery service available. 


In addition, Eastern offers freight space on over 400 daily passenger flights —including DC 8-B Jets 
and Prop-Jet Electras—to 128 cities in the United States, Canada, Bermuda, Puerto Rico and Mexico. 
For information and Freight Reservations, call your Freight Forwarder, Cargo Agent or Eastern Air Lines. 


EASTERN AIR LINES 


32 VEARS OF DEPENDABLE AIR TRANSPORTATION 
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Westinghouse engineering and manufacturing experience is avail- 
able to you in a complete line of control transformers, The Black Line. 
Offered in a large variety of designs for all power factor loads, these 
transformers are ideal for solenoid, relay, contactor applications, as 


7 
i 
; 
well as for use in all control circuits for practicable and economical 
i 


| a ee en as 


operation. Designed into your product, The Black Line (types LC, 
; 4 LCO, SD and MTB) will build better customer acceptance with these 
i" very desirable features: 


They're lightweight: Hipersil® core steel keeps weight low with 


TRANSFORMER | =" 
cians || ane 
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Use ‘em almost anywhere: Standard, stocked ratings of these decision, one that will continue to pay off in the long run. 
versatile transformers cover 90 percent of all voltage and frequency Overnight delivery: Only Westinghouse, with stocks of stand- 
requirements. Ratings are from .025 kva through 1% kva with ard ratings throughout the U.S., can offer overnight delivery 
a 55°C rise. to practically any location. 

They mount easily: Lug-type terminals on the coils or flexible cable Want to know more? Contact your Westinghouse represent- 
leads make it a snap to connect Black Line transformers regardiess ative or write to Westinghouse Electric Corporation, P.O. Box 
of mounting requirements. Terminals are easy to reach and help 868, Pittsburgh 30, Pa. J-70946 


keep down the space requirements. 
Use ‘em with confidence: They meet NEMA and Underwriters’ 


requirements. When you add the quality ingredient of the Westing- YOU CAN BE Sens... ITs rs\V Vesti nghouse 


house Black Line to your control, you'll find you've made a profitable TURt Im WESTINGHOUSE CBS Ty AGE PRESOLNTIAL CONVENTIONS. JULY 
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“T°-A 
Motor PROTECTORS 
for highest Performance and Safety 


Check the advanced design of E-T-A protectors and 
see why they are superior to conventional types! 





MANUAL 


Ratings from 


0.05 to 25 amps AUTO .2 | c 
Ratings from 
Travel of button 9! fo 15 amps” 





“Joday e*e#é 

greater power is packed into smaller motors. This 
miniaturization requires protectors with pin-point 
accuracy provided only by E-T-A! Precise calibra- 
tion is guaranteed by co-ordination of bimetal ele- 
ment, heater coil and infinite contact adjustment. 
Ideal for built-in and remote protection. E-T-A 
Offers you a better product at lower cost. 
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For engineering assistance call or write — 


PRODUCTS COMPANY OF AMERICA 


6284 WN. Cicero Ave., Chicago 46. Ill. 


Phone: Kildare 5-1553 
I” CANADA: E-T-A Products of Canodo Lid 
265 Craig St. West, Montreal 1, Que 
Phone: UNiversity 1-5998 
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duce 18 to 24 lumens per watt. Aristo 

Grid Lamp Products, Inc., 65 Harbor 

Rd., Port Washington, L.L., N.Y. 
Circle 552 on postcard at end of book 


CLUTCH-BRAKE 


Miniature clutch-brake combination is 
designated 2.2 SMCB. There is a neu 
tral position provided when current is 
turned off clutch and brake magnets 





if free-wheeling is required. Unit avail 
able in any d-c voltage up to and in 
cluding 90 volts. Current rating, 1.55 
amp; torque on both clutch and brake 
side, 8 lb-in. Clutch-brake is supplied 
with bearing-mounted drive and driven 
shafts, and foot mounting. Stearns Ele« 
tric Corp., 120 No. Broadway, Milwau 
kee 2. Wis 

Circle 553 on postcard at end of book 


HOOK-UP WIRE 


UL approved, TFE-fluorocarbon insu 
lated appli ince wire uses MIL-W 
16878 Type E insulation. Wire has 
been rated at 80- and 105-C classifica- 
tions, with voltage ratings dependent 
upon application. Wire available in 20 
through 26 AWG with 10-mil wall 
thicknesses. Times Wire & Cable Co 
Div. of International Silver Co.. Wall 
ingford. Conn 

Circle 554 on postcard at end of book 


MAGNETIC MODULATOR 


Unit is essentially a low-power-level 
magnetic amplifier. Modulator illus 
trated has input of 115 volts at 400 
eycles and an output of from 0 to 3 
volts and 0 to 2.5 volts with a reversible 
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INDOX V Can Cut.. 
e Magnet Costs 20% 
e Speaker Weight 25% 
e Speaker Length 46% 


Performance Proven in Hundreds of Thousands of 





High-Fidelity Loud- iii 8 x ee Re oo: 


A leading high- fidelity loud-speaker manufacturer 
realized the above savings when his Alnico speakers 
were redesignéd to use Inpox V. Here is why he 
changed .. . and why you, too, may achieve substantial 
savings by changing to Inpox V. 

Inpox V loud-speaker magnets are guaranteed to 
have a minimum energy product of 3.25 million BHmax. 
Made of highly oriented barium ferrite material, their 
energy level is comparable on an equivalent weight 
basis to that of Indiana’s Hyflux ALNico V — the most 
powerful magnet material available. 

Now with Inpox V, designers and manufacturers 
can look forward to: 

@ Speaker assemblies that are less than half as deep 
® Fewer magnet parts, simpler assemblies 
@ Less over-all weight, lower shipping costs 

Yet the advantages of comparable Alnico magnets 

are retained: 
© Highest sound level possible 


© Best transient response, assuring a full range of tones 
and overtones 


@ Truest possible reproduction of sound 


11LY 1oe0 
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Indiana offers a wide range of INDOX V high-fidelity loud-speaker 
magnets ...in both standard and special sizes. 

Investigate the possibility of improving your loud- 
speaker designs with Inpox V. Indiana’s experienced 
design engineers are available to help you solve your 
speaker design problems — at no cost or obligation to 
you. Write for Bulletin 18B-7 today for more detailed 
information. 


INDIANA STEEL PRODUCTS 
Division of Indiana General Corporation 
Valparaiso, Indiana 


In Canada: The Indiana Steel Products Company of Canada Limited, 
Kitchener, Ontario 


INDIANA 
ae 2 
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* ANOTHER FIRST FOR AICO x 
AlCO-molded laundry tub wins top 
consumer award at annual SPI exhibit 








Coveted 1st Prize for Consumer Products was awarded this 
AICO-molded laundry tub at the 1960 conference of The 
Society of Plastic industry's Reinforced Plastics Division. 
The award-winning appliance was molded of reinforced 
plastic by o new “Premix" process ... a process pioneered 
by AICO and one that offers outstanding benefits to man- 
tacturers in many fields of industry. 


a new 
cost- 

cutting 
process 

for 
countless 
applications 


For the manufacturer, the low cost of the new Premix Process is 
only the first of many proven benefits. Aico Premix Molded 
Products have built-in consumer appeal . . . surfaces are 
glossier, smoother . . . attractive colors blend eye-appeal . . . 
general appearance and buy-appeal is greatly improved. Most 
important of all . . . the new AICO Premix Process opens up 
countless new applications for reinforced plastics . . . applica- 
tions in every field of manufacture that were previously impos- 
sible because of the cost factor or physical limitations of exist- 
ing methods. 


FREE to help you make better use of plastics 





ert 
mam 
AICO PLASTICS AICO PLASTICS AICO FACILITIES 
DESIGNER'S HANDBOOK APPLICATOR BOOKLET 
Tells and illustrates Tells molding ma Tells how to select 
how low unit cost terial best suited a fully-equipped 
can be achieved for your product molder to do your 
through proper tells how it should job shows how 
plastics design be molded to avoid eplit re 


sponsibilitess 


Write for your FREE copies today 





DISCOVER HOW YOU CAN CUT PRODUCTION COSTS 
WITH AICO’s “‘PREMIX’’ MOLDED PLASTIC PARTS 


“deed AMERICAN INSULATOR CoRPORATION 


Jody New Freedom « Pennsylvania 
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phase. Signal input is 0 to + 100 pamp 
d-c, with 20 per cent maximum dis- 
tortion of output. Load of unit is 12,000 
ohms. Freed Transformer Co., Inc., 


1718 Weirfield St., Brooklyn 27, N.Y. 
Circle 555 on postcard at end of book 


MECHANICAL COMMUTATOR 


Mechanical commutator uses a d-c 
motor and a semiconductor speed- 
control circuit. One-pole, 15- to 30- 





channel unit illustrated occupies less 
than 4 cu in., but 3-pole, 45-channel 
unit can be supplied in same volume 
Commutator operates trom 55 to 
1-125 C and has withstood shocks to 
5000 g. Cushman Precision Industries, 
262 Alexander St., Princeton, N.J 
Circle 556 on postcard at end of book 


SEQUENCE RELAY 


Relay Series 4100, for remote opera 
tion of appliances and electronic equip- 
ment, has operating speed of 30 milli- 
sec minimum. Contacts are DPDT with 
intermediate orr or SP3T with one ort 





position, rated 5 amp at 24 volts a-c. 
Coils available with impedances to 
10,000 ohms and operating voltages to 
117 volts a-c. Size, 44 x 1% x 2 in. 
overall. Lionel Corp., Engineering 
Dept., 28 Sager PI., Irvington 11, N.J. 

Circle 557 on postcard at end of book 


MODULAR 
RESISTOR CIRCUIT 


Metallic-film resistor circuit is stable 
up to 500 C and available on ceramic 
substrates made to customer specifica- 
tions. Resistance range is 30 to 70,000 
ohms per square. Value of 100 ohms 


ELECTRICAL MANUFACTURING 








APPLICATION PROBLE KA a 


TY 
© siti From the case of the A. O. Smith Motor Man 
..a line of 800 to 1 hp favorites, built to make rm a nee GE am GOED 


tough application problems seem easy 


Through research ES a better way 
When it comes to building integral-motor-powered equipment, | A 0 orth 
make sure of your horsepower source! Before you specify any motor owe 





brand, consult with your A. O. Smith Motor Man, He’ll show you 
how the horses of A. O. Smith (single-phase integrals — 1-5 hp — 


aus Tipp City, Ohio 
polyphase — 1-800 hp) help users surmount application barriers. 


A. 0. SMITH INTERNATIONAL S. A. 
Milwaukee 1, Wisconsin, U. S. A. 


= 
| 

| 

| 

ELECTRIC MOTORS 
| 

= 


Lwgee bes cist 


And A. O. Smith delivers the horses that deliver the goods! 
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LOW-COST 
WEST VIRGINIA 
PRESSBOARD INSULATION 


-..@ moneysaver 
for every purpose 


PRESSITE ... an absorbent board 
for air, oil, and askarel transformers; 
also for capacitors. 


ELECTRITE ...a hard board, with 
natural rosin sizing to resist mois- 
ture. Excellent for punchings and 
fabricated parts. 


DENSITE .. . an extremely hard 
board. Sized for moisture resistance 
or unsized for applications in oil. 


All three types are widely replacing 
more costly insulation. 

Made of 100% virgin kraft pulp 
produced at our own pulp mill, they 
are free of metallic particles. They 
offer higher dielectric, physical, and 
chemical properties. 

Uniform quality assures consistent 


dependability. Colors are natural | 


kraft, black, and brown depending 


on type. Available in a wide range | 


of thicknesses. 
Ask for Underwriters’ Laborctories report 
+E3987. Write Board Products Sales, West 


Virginia Pulp and Paper Company, 230 
Park Avenue, New York 17, New York. 


West Virginia 
Pulp and Paper 
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J 


to several megohms obtainable in short. 
straight path without use of grid or 
lattice patterns. Entire surface or ac- 
curately defined pattern can be covered. 
be designed 


Resistance patterns can 


to permit addition of capacitors, di- 
No pot- 


odes, transistors, inductors, etc. 


ting or other mechanical protection 
needed. Temperature coefhcient, under 
250 ppm/deg C from —63 to +-175 C 
for mest values. CTS Corp., Elkhart, 
Indiana 


Circle 558 on postcard at end of book 


MINIATURE 
MAGNETIC COUNTER 


Counter with single-stroke reset is 
tdigit unit 
recording pulses with no loss of count 
1800 counts/min. Weight, 31 


15/16 x 14 x 2 in 


available as an additive. 
up to 


oz: size. Case is 


designed to facilitate nesting or stack- 
ing. Counters are now available for 6. 
12, 24 and 110 volts d-« 


strument Corp., 606 f 


Abrams In- 
Shiawassee St., 
Lansing. Mich 

Circle 559 on postcard at end of book 


PNEUMATIC 

SIGNAL CONVERTER 

Model 850 transmitted 
signals flowmeters 
into linear signals. This permits use of 


converts the 
from square root 
receivers with evenly graduated charts 
or linear ratioing controllers. Square- 


root-extracting relay can be used to 


convert any pneumatic signal into cor- 


Need to know 
about 


Casting Resins 
and 
- - 
Application 
- 
Techniques 
for 
Embedment, 
" * 
Encapsulation 
and 
Impregnation 
? 
In a 52-page reprint booklet—one of the 
design compendium series -~ ELECTRICAL 
MANUFACTURING editors have brought to- 
gether eight previously published articles 


dealing with the embedment, encapsula- 
tion and impregnation of electronic cir- 


Individual 


articles cover property data on casting 


cuit units and components. 


resins; evaluation tests on resin systems; 
results of environmental tests on em- 
bedded units; process-control problems. 
An annotated bibliography of selected 
technical articles on electrical insulation 
provides a useful reference tool for 
checking on basic research and applica- 
tion techniques developed over the past 
decade. 


CONTENTS 
The Epoxy-Resin System for Embedded 
Circuits and Components 


Automatic Machines for Cast-Resin 
Applications 


Polyester Casting Resins for Rigid Insu- 
lating Parts 


Problems in Casting Electronic Components 


Effects of High Humidity on Dielectric 
Properties of Casting Resins 


Copper-Inert Flexible Coil Encapsulation 
Embedded Elec- 


Environmental Tests for 
tronic Units 


Resin-Embedment Process for 
Electronic Package Design 


Price: $2.00 


See Order Form on page 170. 


Optimum 


ELECTRICAL MANUFACTURING 





If you're building o home 
see an ARCHITECT 


BUT...if you need a 


f 
BRUSH HOLDER a 


Your SPECIALIST is 


@ Offers Complete Line of 
Brush Holders and Caps 


@ For All Types of Motors 
and Generators 


@ A Competent Engineering 
Department To Assist in 
Brush Holder Requirements 


@ 25 Years of Experience 


<pP Write for complete information 


contained in our new easy to use 
Phoenix Catalog, No. 60-7 


PHOENIX ELECTRIC MANUFACTURING CO. 
h/ 3625 NW. HALSTED ST. © CHICAGO 19, ILL. 
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OPHAR 


—— WAXES 
COMPOUNDS 


Zophar Waxes, resins and compounds 
to impregnate, dip, seal, embed, or pot 
electronic and electrical equipment or 
components of all types, radio, tele- 
vision, etc. 


Cold flows from 100°F. to 285°F. plain 
or fungicidal. 


Special waxes non-cracking at—76°F. 


Let us help you with your engineering 
problems. 


For immedicte service contact: 
L. E. Mayer, Seles Ma 
A. Sounders, Technical Director 
4. Sounders, Chemical Laboratories 


Phone SOuth 8-0907 


ZOPHAR MILLS, inc 
112-130 26th Street, 
Brooklyn 32, N. Y. 
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iomn(OL8 
you JOIN wires 
the fastest, lowest-cost way? 


WIRE CONNECTORS 


© perfect for assembly-line wiring 


¢ highest quality, but lower in cost than any other 
way—proved by a large manufacturer that 
cut costs 88% . .. and others 

¢ easier, quicker to apply—lock on, 
won't shake off—good for your product's life 

¢ high mechanical and dielectric strength 
connection—with special, generous length, all 
plastic shell that resists moisture and chemical 
action—best insulation you can get 


* smooth, non-abrasive threads twist and grip 
wires firmly without damage to even the 
finest stranded wires 


* fool-proof—scientific knurling provides fast, 
easy twist-on by hand or small power driver 


¢ 5 sizes, approved for 300V and 600V 
(1000V in fixtures) for all production needs 


make 
sure... 


TRY FREE SAMPLE hand-squeers con: 
ASSORTMENT NOW sizes —oeh for details | 


" SPLIT-SECOND” 


CONNECTOR DRIVER 


Low-cost. Provides 
exact twist and right 
tension with stalling 
motor—can't rip 
wires off! Light, 


IDEAL INDUSTRIES, Inc. 

llvo-w Park Ave., Sycamore, Ill. 

Send free sample assortment of ‘‘All-Piastic’’ Connectors. 
Name__. 


Company 
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responding output signal of different 
characterization. Max relay output, 3 
scfm; output range, 3-15 psig standard; 
sensitivity, better than 0.2 per cent; 
speed of response to full scale, 0.5 sec. 
Brooks Rotameter Co., Box 432, Lans- 


dale, Pa. 
Circle 560 on postcard at end of book 


let’s SELF-TAPPING SET SCREW 
Set screw may be used in most metals 

et and plastics. Due to design of cutting 
edges, screw is said to have tendency 


earth 
about servomotors 





1K LLa 

Hes space exploration caused your setv- to “pull itself in.” Cutting-in action 
omotor cost to skyrocket? vee forcing sahan place at the Gower Giney dante of 
you to pay for protection against envi- Set Screw Mfg. Co., Bartlett, Il] 
ronments found only in space ... not in Circle 561 on postcard at end of book 
your applications? If so, the now com- 

plete line of DIEHL Instrument Servo- | SOLENOID VALVE 

motors that give “out of this world” | Corrosion-resistant valves, with molded 
performance at down to earth prices is bodies of TFE-fluorocarbon. are also 
expressly tuned to your needs. These shock-resistant and pressure-proof. De- 
new epoxy encapsulated, round frame 

motors were especially designed for 

those applications where earthly envi- 

ronments such as salt, fungus, moisture, 

and ambients of —55 to + 55°C... (and 

low budgets) ... are normally encoun- 

tered. And, the line has been developed 

with sufficient latitude to meet your 

every rating requirement. Available in 

sizes 11 and 15, and in larger frames 

with power outputs from 1 to 20 watts. 


screw 


All Diehl Instrument Servomotors feature: 


© Prelubricated ball bearings 
e@ Epoxy encapsulated windings 
@ Double shaft extension (pinioned for 


sizes 11 and 15) 
@ Precision machined aluminum housing 


@ Servo mount 
a”, ——— yr © Optional addition of integral tachometer 
or precision gear train. 


engineering world... The 
versatile Diehl family of 


Servo Components 
If you have an earthbound application, 
why not get the servomotor fitted to your needs? high has 
For more information, write to output, making unit suitable for com- 
sincer*® puter, servo and automation applica- 


signed for normally closed applications 
and d-c voltages. 


at all normal a-c 
Corp., 365 Car- 


Valeor Engineering 
Ave., Kenilworth, N.J. 
Circle 562 on postcard at end of book 


negie 


ISOLATION AMPLIFIER 


Amplifier which is 1 x 1 x 1% inches 
isolated input and isolated 


tions. Amplifier uses silicon transistors 
and operates on 28 volts d-c. Internal 


DIEHL MANUFACTURING COMPANY 
signal limiting prevents overdrive or 


phase shift for high-input signals. 


Somerville, New Jersey 
*A Trademark of THE SINGER MANUFACTURING COMPANY Operates from 55 to +125 C and 


A SUBSIDIARY OF THE SINGER MANUFACTURING COMPANY 


1A Trademark of THE DIEHL MANUFACTURING COMPANY 
ELECTRICAL MANUFACTURING 
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PROVEN, DEPENDABLE ...REAR-PROJECTION TYPE 


Bee SE ALiLa DIGITAL DISPLAYS 


Series 10000 
Series 120000 


OUTSTANDING FEATURES 

® All digits displayed on front viewing screen 
© All digits uniform in size ond intensity 
® High-contrast viewing screen $33.00 each 
® Digit style of your choice Series 120000 
* Colored digits of your choice 1” wide 
© Individuol units may be group assembled 144” high 

for panel mounting 37%” long 


$35.00 each 
WRITE TODAY FOR COMPLETE DETAILED SPECIFICATIONS 


Quantity Prices 
Representatives in principal cities On Request 


Ai InousTRiat Evcectrronic Enoineers, Inc 
4 
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@ What is Molecular Engineering? 


@ What are the concepts, 
definitions, areas of 
research and application? 


@ How will Molecular Engineering 
affect your design practices? 


For the answers to these and similar 
questions, take time out—if you 
haven't already — to study the 
Science & Engineering feature in 
the May issue. In this article by 
Special Features Editor Alex. E. 
Javitz, the principles and practice of 
Molecular Engineering are brought 
into focus for your own fundamental 
understanding of one of the most 
important concepts of contemporary 
research and its impact on design. 


For handy Reprint Order Form, 
see page 170. 


@ Oscilloscopic Null-indicator 


TESA RUT TESS 


Encapsulated 
stelelolia 


Paper 


Tehh-a0 eR: 
Form Wound 
High Temperature 


Cotton 
interleave 


Send us your coil 
specifications for quotation. 


TRANSFORMERS MADE TO ORDER 


THE DANO ELECTRIC COMPANY 
93 Main Street « Winsted, aE 
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For the 


UU ECR RU 


alee h esate Le 
DIELECTRIC LOSS FACTOR 
TAN ic see 
CAPACITANCE 
DIELECTRIC 
CONSTANT 


HARTMANN & BRAUN 
High & Low 
Voltage 


SCHERING 
BRIDGE 


in conjunction with 


NO LOSS 


Also available: 


STANDARD 


@ Complex AC Potentionometer 
@ Transformer Ratio Meter 


@ Test Equipment for 
Transformers 


COMPRESSED GAS 


Instrument 


CAPACITORS 


@ Vibration Galvanometer 


| Visit our booth No. 1441 in ISA EX- 
| HIBIT New York—Coliseum Sept. 26-30 


EPIC INE. 
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150 kV to 1900 kV 


150 NASSAU ST. 
NEW YORK 38, N. Y. 
TEL.: Di 9-2470 








PROVED AND PREFERRED! 


PARAMOUNT Spiral Wound PAPER TUBES 













SQUARE, RECTANGULAR, ROUND 


Regular-type PARAMOUNT paper tubes used for 
millions of coil forms and other applications. 
Hi-Dielectric. Hi-Strength. Kraft, Fish Paper, 
Red Rope, Acetate, or any combination spiral 
wound on automatic machines. Any size from 
14” to 30” long, from .450" to 25" I.P. Produced 
from wide range of stock arbors or specially 
engineered for you. 






PARAFORMED— SQUARE OR RECTANGULAR 


Exclusive Paraforming method of tube making 
without artificial heat or pressure. Makes per- 
fectly flat side walls, square inside corners, and 
very small radius on the four outside corners— 
and does it all at the time of actual spiral winding. 
No sharp outside edges to cut wire. No need for 
wedges to tighten wire. Full rigidity and physical 
strength. Permits winding coils to closer toler- 
ances. Allows faster automatic stacking of coils. 
Approved and used by leading manufacturers. 
No extra cost! 


PARAMOUNT 


PAPER TUBE CORP. 
612 LAFAYETTE ST., FORT WAYNE 2, IND. 
Standard of the Coil Winding Industry for Over 20 Yeers 
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Ba dai) eal 
etterhead for 
STOCK ARBOR LIST 
OF OVER 2000 SIZES 












Booth 2843—1960 Wescon Show 
Memorial Sports Arena—ltos Angeles—Aug. 23-26 


ALUMINUM 
jack panels 


BY 


REQUIREMENTS 





Eee a ror 
el. Ste strength 
eseaaee 





“TWIN-JAX” 





Unique construction with strength and 
lightness of aluminum. (Weight approx 
25% less than Phenolic Panels 

Double row design. Mounts 24 Jacks 
per row — 48 per strip. Offset ground 
terminal — easy to connect common 
terminals. Easy-to-change identification. 


Write for Catalog J-102 
ee Type MT-388 (JJ-088) 









Frame double width with 
2 mounting ears on 136" 
centers; bushings (sleeves) 
on %" centers. Special 
features. Catalog J-102. 





5539 N. Elston Ave., Chicago 30, lil. 
Conodion Rep.: Atlas Radio Corp., Ltd., 50 Wingold Avenve, Toronto, Ontario 


AVAILABLE AT ALL LEADING RADIO PARTS JOBBERS @ 
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meets MIL-E-5272. Input impedance is 
200,000 ohms and output impedance is 
700 ohms. Also available with an in- 
put impedance of 1 or 5 megohms. Con 
trol Technology Co.. 1186 Broadway 
New York 1. N.Y 

Circle 563 on postcard at end of book 


MINIATURE SNAP-ACTION 
SWITCH 


SPDT Model 760 switch, rated at 10 
amp, is available in three types: pin 
bushing 


plunger lever action and 


mount. One mounting hole, with pro 





vision for gang mounting. Case is 


molded phenolic. Appliance and Auto- 
Controls Co. of America, 
Schiller Park, IL 


Circle $64 on postcard at end of book 


motive Div 


9555 Soreng Ave 


EXPANDED-SCALE 
VOLTMETER 


Panel meter achieves secondary-stand 
ard accuracy over a wide frequency 
range with stabilitv and ruggedness re 
quired for production usage. Imped- 
ance of 1000 ohms, volt available with 
accuracies of 1/10 of 1 per cent a-c, 
1/20 of 1 per cent d- 


power-supply voltages must be accur- 


Useful where 


ately known, as in digital computers, 





ELECTRICAL MANUFACTURING 





3100°F 


mh 
(BG Gah: 


KANTHAL SUPER 


Unique molybdenum disilicide furnace 
elements outlass silicon carbide at least 
four to one above 2700°F, saving sub- 
stantially on down-time. For continu- 
ovs of intermittent operation in oxidiz- 
ing ond most protective atmospheres. 
Elements operate to 3100°F (1700°C) 
when freely suspended or to 2900°F 
(1600°C) when supported horizontally. 


Kanthal Super does not age, and tem- 
perotures can be held without com- 
pensoting odjustments 


Kanthol Super elements are ovailoble 
seporately and in furneces from all 
prominent manvufocturers. Write for 
list and brochure today 


hott ia KANTHAL CORPORATION 
3 Amelia Pl., Stamford, Conn. 
re 


Con. Rep., Ferro Enamels, Ont., Can 
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WIRE/CABLE STRIPPING 
MACHINES 


Cut costs 1/3 of more with 
high-speed, machine strip 
pine SPEEDCRAFT 
fully automatic, brush- 
type. and air-type ma 
chines are precision-built 
and backed by over 30 
years’ specialized experi- 
ence Proved-in-use de 
signs, quality features 
throughout Complete 


’ line includes an econo 
mical machine for every 
stripping need For 
Prompt, accurate reply, 


send j-foot sample and 
brief details 


WIRE STRIPPER CO. 


1729 Eastham Avenue, Clevelond 12, Ohio 
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ASPHALT BASE COMPOUNDS 


for coil impregnation, potting, cable conduit 
sealing, drum and barrel liners, etc. 


* Variable thermal conductivity 
* Softening points from 150° F to 295° F 
* Low viscosity-high cold flow systems 
* Technical consultation available 

Send for GENERAL SPECIFICATIONS CHART 

Stock available for immediate delivery 

3442 Howard Street « Skokie, Ilinois 
Telephones: ORchard 3-1050 * AMbassador 2-3339 


BIWAX CORPORATION 
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MINIATURE 


OLENOIDS 


Series ME 
(Miniature Enclosed) 


Powerful—small in 

size 

Five standard types from 
4" to 1” diameter 


High temperature insulation 


Pull and push types 
available 


Made to meet and 


exceed MIL speci- 
fications 


® Various mounting 
arrangements 


Designed for DC application only, these units 
are available with ratings up to 125 volts, 
unique construction meets exacting specifications, 
provides long life. 


Write for complete information. 


SOLENOIDS <0) S ee 8390 18 Vee) ce) is a8) 


anderson controls, inc. 


General Offices 
9959 Pacific Avenue « Franklin Pork, Illinois 
Phone: Gladstone 1-1210 
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THESE ARE SPRAGUE’S TWO OUTSTANDING 


HIGH-TEMPERATURE MAGNET WIRES 





FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 


aay) up TO 200°C 


es 





FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 


up To 250°C 





o=_\ i 


~ 


CERAMIC SINGLE. SILICONE 


CERAMIC SINGLE.TEFLON 











CPR Aaa 
LATION 
WG Souet 
THROw TER On 
ovlmuy ovtmuy 


CERAMIC MEAVY.TEFLON 


ENLARGED CROSS-SECTIONS OF CEROC® COPPER MAGNET WIRE 


Sprague offers you a choice of 2 
truly high temperature magnet 
wires: For continuous operation 
at hottest spot temperatures up 
to 200°C (392°F) and up to 
250°C (482°F) for short periods 
of time —depend upon TETROC 
—an all Teflon-insulated wire 
available in both single and 
heavy coatings. 

CEROC is Sprague’s recommen- 
dation for continuous operation 





SPRAGUE ELECTRIC COMPANY 


307 MARSHALL STREET, NORTH ADAMS, MASS. 


258 


at hottest spot temperatures up to 
250°C (482°F) and up to 300°C 
(572°F) for short periods of time. 
Ceroc has a flexible ceramic base 
insulation with either single sili- 
cone or single or heavy Teflon 
overlays. The ceramic base stops 
“cut-through” sometimes found in 
windings of all-fluorocarbon wire. 
Both Tetroc and Ceroc magnet 
wires provide extremely high 
space factors.* * * * * 


FOR COMPLETE DATA 
WRITE FOR ENGINEERING 
BULLETIN 405 (TETROC 
WIRES) 400A (CEROC 
WIRES). 


SS 


MARK OF RELIABILITY 
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etc. Voltron Products, 1020 So. Ar- 
rovo Parkway, Pasadena, Calif. 


Circle 565 on postcard at end of book 


MINIATURE TOGGLE SWITCH 


Contacts of this switch are rated 5 amp 
at 115 volts a-c and will handle up to 
a 100 per cent overload. Life cycle 
100,000 operations; con- 


over 


rating, 





30 microhm; insula- 
100,000 megohm; volt- 
1000 volts a-c. Switch 
ly x %y x % in. Offered in 
al SPDT models. Alco Elec- 
Products, Inc., 3 Wolcott Ave., 
Mass. 

Circle 566 on postcard at end of book 


tact resistance 
tion resistance 
age breakdown 
size 18 
SPST 

tronK 

Lawrence. 


MODIFIED WIRING DUCT 


Rounded edges on wire slots are now 
manufacturer's open-slot 
wiring duct. 


on both 


standard on 
(Type B) 
Rounded edges are 


electrical 
furnished 





inside and outside surfaces to provide 
protection to insulation on wires. Duct 
is available in various standard sizes, 
with wire 


holes closed slots or open 


slots. Panduit Corp., 14461 Waverly 


Ave., Midlothian, Ill 
Circle 567 on postcard at end of book 


See Laboratory and Engineering 


Equipment on page 262 


Posteard return forms are provided 
at end of book as 
to the 


a convenience 
reader in obtaining further 
information on 


New Components and Materials 

Literature for the Design Engi- 
neer 

Feature Article Reprints 

Advertised Products 
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| 
1] ™ 


3 id’jungle | to dry arctic — 


.....A-B hermetically sealed 
composition resistors defy the 
severest atmospheric conditions 


Standard Color Coding 
Hot Molded Insulating Jacket 


eran Y Solid Molded 
Allen-Bradley hermetically sealed composition resistors Z . y Resistance tlement 


f 


provide stability, reliability, and uniformity under ex- 7 


tremes of humidity, such as illustrated above. This resistor Solidly Anchored Leads 


consists of a specially processed, hot molded, carbon High Temperature Solder Seal 
composition unit with an integral insulating jacket sur- 
rounding the carbon element. The entire unit is then i Cutaway view shows construction of A-B 


hermetically sealed by means of a metallic seal and a hermetically sealed Type ES resistor. at 


ceramic jacket. This assures complete immunity to all eins Pes 


effects of moisture and humidity. And under extremes of 4 


vibration and shock, A-B resistors remain undamaged, ACTUAL SIZE : 


stable, and extremely low in noise factor. 


A-B ceramic encased resistors are available in 2°; and 
Type TS (RC08) 


and in higher values on special order. Since catastrophic actin a 
failure does not occur in A-B hot molded resistors, these a 
units combine narrow tolerances with absolute reliability. . 

Designed for continuous operation at full rated wattage — — ce - 


at 70°C, Type ES resistors have a zero derating of 165°C; 


5°; tolerances in standard EIA values to 22 megohms, 


Type CS and Type TS at 150°C and 110°C respec- Type ES (RC22) 


tively. For full details, write for Technical Bulletin 5003. Ys Watt 





AV N os B RA 1, LE Y = ee Components 


Allen-Bradley Co., 222 W. Greenfield Ave Milwaukee 4. Wis. ¢ In Canada: Allen-Bradley Canada Ltd.. Galt. Ont 





Choose 


ALLEN-BRADLEY 
QUALITY | 
POTENTIOMETERS 


for your critical circuits | ¥ 


Exclusive one-piece 

hot molded element assures 
long life, quiet operation 
—improving with age! 


With this solid molded resist- 
ance element, control is always 
smooth—there are never any 
abrupt changes. This also as- 
sures low ‘“‘noise’’ even after 
long use. The sectional view of 
the Type “J’’ shows how the 
terminals, resistance element, 
faceplate, and threaded bush- 
ing are all molded together 
into one integral structure. 


A-B Type G 
otentio 


: 


THE ALLEN-BRADLEY FAMILY OF POTENTIOMETERS 


TYPE J—rated 2 watts at 70°C. 
Total resistances to 5 megohms. 
Single, dual, and triple units 
Many RV-4 types in stock for over- 
night shipment of prototype quan- 
ties. Send for list. 


TYPE K—like Type J, but rated 
1 watt at 125°C, 2 watts at 100°C, 
and 3 watts at 70°C. Can be used 
to 150°C under “no load.” 


TYPE G—rated 1, watt at 70°C. 
Total resistances to 5 megohms. 
Wide selection of styles and vari- 
ous optional features, including 
switch. Many RV-6 types in stock 
for overnight shipment of proto- 
type quantities. Send for list. 


TYPE L—similar to Type G, but 
rated at 4% watt at 100°C. Can be 
used to 150°C under “no load.” 


TYPE R-adjustable fixed resis- 
tor. Rated , watt at 70°C. Total 
resistance ranges trom 100 ohms 
to 2.5 megohms. Selt-locking fea- 
tures hold settings under extremes 
of shock. 


TYPE F—rated \% watt at 70°C. 
For printed wiring boards. Has 
screwdriver adjustment. 


TYPE T—rated % watt at 70°C. 
Extremely thin; plastic cover 
serves as actuator, 


TYPE H-—rated 5 watts at 40°C, 
with a maximum continuous volt- 
age of 750 volts. Designed for in- 
dustrial applications. Total resist- 
ances to 2.5 megohms. 


Allen-Bradley Co., 222 W. Greenfield Ave., Milwaukee 4, Wis. ® In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 


ALLEN - BRADLEY Zen 


Components 





LOGIC — 
and the Principles of Programming 


Continued from page 77) 


igs and fixtures. The control tape may be re-used as needed 
to produce machined parts as they are required. 

Producing the control tapes can be both expensive and 
time-consuming, unless digital computers are used to sim- 
plify this task by translating automatically the language of 
the design engineer into the special language required 
to control the machine tool. IBM is developing a general- 
purpose program which, working from the part drawing, 
permits the description of any three-dimensional form in 
terms of a series of constituent surfaces, such as portions of 
planes, cylinders, spheres, ellipsoids, etc. This description 
can be automatically translated into a complete set of ma- 
chine tool instructions on a control tape 


Heuristic Programming 


The word “heuristic” (from the Greek Aeuriskein, to in- 
vent, discover) means “serving to discover.” Solving prob- 
lems by means of the algorithm—essentially a search 
process—can, if the potential solutions are numerous 
enough, be too time-consuming even for an electronic com- 
puting machine. Heuristic reasoning seeks to find a method 
(i.e., a reasonably self-contained operation) that, if it 
works, provides a major and permanent contribution toward 
finding proof for the solution of a problem. Newell, Shaw, 
ind Simon (72) found in their empirical explorations various 
methods which separately, or in combination, serve to solve 
problems. These methods are (1) the substitution method 
which seeks proof for the problem by finding a previously 
proved theorem that can be transferred by a series of sub- 
stitutions for variables and replacements of connectives into 
the problem expression; (2) the detachment method, which 
ittempts to substitute a new subproblem for the problem 
expression; and (3) the chaining methods, which use the 
transitivity of the relation of implication to create a new 
subproblem 

Changing the symbols in a logical diagram until the right 
expression is obtained is like turning the dials on a safe 
intil the right combination is found. Supposing there are 
two safes, each with ten ten-digit dials, one of which gives 

signal whenever any given dial is turned to the right 
number, whereas the other gives a signal only when all ten 
lials are in the correct position. Trial-and-error search will 
on the average) succeed in the first safe in fifty trials. In 
the second safe, however, such a search would succeed (on 
the average) in five billion trials. For this reason, heuristic 
programming is an essential tool for the practical operation 
{ complex computing operations. Learning machines can 
ipply the ultimate principles of logical reasoning by making 
yeneralizations, and must, therefore, be capable of, and 
ompetent in, heuristic reasoning. Chess-playing machines, 
uch as those developed by Goldstine and Wantanabe at 
IBM, use digital techniques (/3). Rosenblatt and Murray 
ire developing a Perceptron at Cornell Aeronautical Labora- 
tories in which decision-making is based on perceptual 
recognition (14, 15, 16). McCulloch, Selfridge, Von Foerster 
ind other scientists at Lincoln Laboratories are developing 
character-recognition devices in which the recognition of 
visual characters, or sound symbols, is based upon a recogni- 
tion-learning-classification-generalization-specification cycle. 

All the varied applications and all the different computer 
programming techniques have one important common de- 
nominator: They are all based upon the principles of logical 


reasoning and the propositional calculus OO 
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PORTABLE 
TENSILE TESTER 
FOR ELECTRICAL 

CONNECTORS 





Made in 6 ranges up to 500 Iba 





Accurate .. . fast . . 


low-cost 


- compact 
portable. 
Hunter's newest quality con- 
trol instrument, the Model 
“TT” Terminal Pull Tester, 
offers all these advantages. 
Though adaptable to many 
tensile tests, it is currently 
much in demand for checking 
strength of solderless termi- 
nals on wire, for testing con- 
nectors and leads in the quality 
control or inspection depart- 
ment and on the production 
line. Provides speeds up to 


10 times faster than conven- 


tional lab equipment. 
Bulletin 750e gives full de- 
tails. Write for your copy. 





Hunter Spring Company 


A Division of American Machine and Metals, Inc 


22 Spring Avenue, Lansdale, Penna. 








SPRINGS © STAMPINGS © QUALITY CONTROL EQUIPMENT 
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NOW! 


Laboratory and 
Engineering Equipment 





MICROFILM CATALOG FILE 


Approximately 1300 
have included pages from their cata 
logs in this first, Missile-Aircraft, edi 
tion of a microfilm catalog file. Edition 
contains 22 


manufacturers 


25,000 pages recorded on 2: 
reels of 16mm film. Provision for mak 
ing copy of any catalog page displayed 
within 15 sec, is supplied by photo 
copier mounted on top of reader hous 
leased at 


installation 


ing. Reader 





under $4000 year 
service every four months, reader print 


er, and file with 


ne ludes up d iting 


index. One user 
estimates average product search time 
formerly took 95 min but now takes 1] 
min with microfilm catalog file. Com 
munications industry and other editions 
will be made available 

To find item, user looks in master 
product index (shown opened in lower 
center of illustration) which directs 
him to proper film reel and reel index 
page number. User advances film to 
proper index page. looks for item page 
number and advances reel to proper 
page. Three horizontal lines at side of 
filmed catalog page (displayed in illus 
tration) represent reel page numbe: 
in tens, hundreds, and thousands and 
ire used to guide fast scanning until 
proper page number is approached 
Technical Services Div.. Rogers Pub 
lishing Co., 3946 S. Broadway 


wood. Colo 


Engle 
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ULTRASONIC 
SOLDERING IRON 


Model S-10, eight-ounce, 10-watt ultra 
sonic soldering iron is capable of solder 
ing a wide range of materials without 
flux. Iron is ideal for soldering semi- 
conductor materials as well as metals 
such as aluminum, 
their alloys which are characterized by 
Operates 


magnesium and 


very rapid surface oxidation 





mck: 
oo 
— 
—— 


Da 


on IIE 
replaceable General Electri« soldering 
Gultor 
Durham Ave 


volts, 60 cps. Uses standard 


iron tips Vibro-Ceramics Div 


919 


Industries, Ine., 2!2 


Metuc hen N J 
Circle 569 or postcard at end of book 


TEST SOCKETS 


Test socket is available in 150 standard 
onfigurations to accept a variety of 
relays, chokes, transformers, packaged 
circuits and other components. Sockets 
accept headers with hook, pin, turret 
and other 


types of terminals. All 


sockets have two mutually insulated 
contacts to each terminal for use in 
contact resistance measurement. Con 
tacts are beryllium copper with gold 
plating, and each has maximum resist 
ance of 0.005 ohms. Sockets are mica 
filled epoxy or urethane rubber and are 
suitable for environment testing. Barnes 


Development Co.. 213 W. Baltimore 


Ave I ansdowne Pa 
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Sera SO Oy aerlt( 


GEARMOTORS 


5 Basic Sizes 


@ Speed up to 200 RPM 

®@ Power up to 40 in, Ib. 

@ Open or enclosed case 
@ Continuous or intermittent 
® Machine cut gears 

@ Finish ground shafts 

@ Special features available 
®@ Millions in use 

@ Prompt delivery 

@ Samples at once 

@ Ask for our literature 


Motoresearch also designs and 
produces high frequency mo- 
tors, generators, rectifier type 
power supplies and other Spe- 
ciat Electrical Equipment. We 
invite your inquiries. 


Millions of 
Motoresearch Gearmotors 


now in use! OPEN TYPE MOTOR 


anc COMPANY 


1600 JUNCTION AVENUE 


pfonese 


Designers and Manufacturers of 


SPECIAL ELECTRICAL EQUIPMENT 
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9 
“GLASS | TIPPED’’ SET SCREWS 
GLASS—Hard, Dense, 
Smooth, Concentric, 
Hemispherical 
Na SCREW—Stainless Steel, 
Slotted, Ground Threads, 
IN STOCK— Sizes 4, 6, 8 N.F. G N.C. 
4-48 x 7/32, 5/16, 3/8, 7/16 G 1/2 
6-40 x 9/32, 3/8 G 1/2 
8-32 x 5/16, 1/2 G 7/8 
HARTWOOD GLASS & METALS COMPANY 
P.O. Box 865 Martinsburg, West Virginia 
Specialising in Glass Coated Metais for Electrical Insulation 
Circle 287 on Inquiry Card 
-—FOLDING DOUBLE CUPPED WASHER LUGS 
FOLDS OVER HERE TO CLOSE : 
With or Without 
insulation Grip— 
Small or Lacge 
Screw Hole. For 
Standard, Extra 


Flexible Strand- 
ing and Solid Wire 





Write for Bulletin 8-DF 


KRUEGER & HUDEPOHL, INC. 


1043 EVANS STREET. CINCINNAT! 4 
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| Custom 








‘hs One Squeeze with IDEAL’s 
New ‘Custom Stripmaster’’ 


Removes Teflon” and Other 


Hard-to-Strip Insulations 


To help prevent wire nicking and 
insulation damage, these new IDEAL 
“Custom Stripmasters’’ are precision 
drilled on watchmaker’s equipment. 


With Ideal’s new Custom Stripmasters, a light 
squeeze on the handles strips any wire completely 
clean and bare up to a full % inch. 


To help prevent nicking and scraping of wires, the 
Custom Stripmaster’s matched sets of blades are 
precision drilled on watchmaker’s equipment to the 
exact wire sizes. Counterbored blades ride on cut 
insulation to prevent scratching of stripped wire. 
Jaws grip wire firmly to prevent insulation damage. 
3 models available. Wire sizes from No. 10 to 30. 


* Reg. Trademark of DUPONT 


® 






Patented, Ne. 2,523,936 


by 
ir —_—_—— — — — —— <<a eee eee ee oe 
i IDEAL INDUSTRIES, Inc. 
1008-G Park Avenue, Svcamore. Illinois 


Gentlemen: Please send catalog information on IDEAL’s New 


| | “Custom Stripmaster.” 


| | UU irre 
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FOR 


Technical 
Information 


"MESA 


DIALL 


Molding 
Compounds 


If You Make Parts Like These... 











You'll Like Diall Compounds . . . They're 
easy to mold, easy to machine, have no 
post-mold shrinkage . . . offer greater 
resistance to chemicals than any other 
comparable compounds. Heat resistant 
to 500° F. Many are flame-proof. Un- 
affected by moisture, fungus proof, non- 
corrosive to metals. And . . . for greater 
sales appeal . . . available in all colors! 
Write Today! 


MESA PLASTICS COMPANY, Dept. 18 
12270 Nebraska Ave., Los Angeles 25, Calif. 














PLEASE { ) Doto on heot resistant Dial! 
SEND ( )} Dota on chemicol resistant Diol! 
ME ( ) Catalog and complete date on Dicll 
(Nome) 
(Compony) 
(Street) 
264 Circle 290 on Inquiry Cord 





PNEUMATIC 
CHECK BENCH 


Portable check bench tests pressure 
switches. vacuum switches and other 
pressure or vacuum-operated equip- 
ment. Unit is controlled by selector 


valve which turns on either pressure or 





vacuum supplied by self-contained com- 
automatically 
Iwo standard 
pressure 


pressor. Compressor ih 
controlled for 400 psi 

0-20 (14 tube) ports avail- 
able; one high pressure 
sure. Standard ‘19-20 


jacks 


. one low pres 
vacuum port 
available for 


provided. Circuit 


pressure or vacuum unit tests with vo 
Nc and common connections. Signal 
lights indicate continuity of circuits 
Custom Components, 2928 Empire 
Burbank. Calif 

Circle 571 on postcard at end of book 
AUTOMATIC 


SCREEN PRINTER 


Machine for 
cuit boards has a cycle time of 10 se 


production of printed-cit 


for 10 x 22 in 


panel. Smaller panels 


\ acuum board hold 


Accepts chase frame up 


require less time 


down system. 





to 24 x 36 in. 
pattern to circuit board: 


Initial register of screen 
+0.001 in. in 
Piece-to-piece fidelity, 
=0.0005 in. typical. Wyrco Projects, 
Inc., 66 Main St., Binghamton, N. Y. 


Circle 572 on postcard at end of book 
IMPEDANCE COMPARATOR 


Model 1605-AS2 compares a resistor, 
capacitor or inductor with a standard 
sample, indicating directly on panel 
meters the magnitude and deviation of 
impedance difference and phase-angle. 
Comparator features full-scale 
of +0.1, 


two dimensions. 


ranges 
+0.3, +1.0 and +3.0 per cent 





new light on 
high-speed 
photography 


Now Dynafax Camera sequences can be 
perfectly illuminated from start to finish 
—all 224 frames emerge from processing 
with an exactly uniform density. Availa- 
bility of the Beckman & Whitley Model 
357 Electronic Flash Unit makes this not 
only feasible but routine 


Developed and produced specifically to 
match the operating parameters of the 
Dynafax, the new unit delivers 1200 watt 
seconds in a single square pulse of cold 
light which is controllable over the range 
from 8.6 to 22.3 milliseconds. These per- 
iods are equal to the total writing times of 
the camera from 26,000 frames per second 
down to 10,000 frames per second 


Synchronization of the flash unit with 
the event being photographed is easily 
accomplished through the versatile trig 
gering facilities included in the Model 357 
— either make or break circuits, a positive 
pulse, or light striking a photoelectric 
cell. For focusing and light arrangement, 
the unit can be set to provide a 60-flash- 
per-second modeling light. The complete 
unit comes in a sturdy glass-fiber carry 
ing case matching that which houses 
the Dynafax itself. 


Professional opportunities exist in 
the Instrument, Missile Products, and 
Research & Development divisions of 
the company. You are invited to send 


a resume to the personnel manager, 
Gordon Wheeling. 


Beckmare ¢ Wa 


SAN CARLOS || CALIFORNIA, U.S.A. 
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eS 4009 


DC RATE 
GENERATOR 


FOR TACHOMETERS 
—OR MOST 
SERVO-MECHANISMS 
















| 





<< WIRES MARKEL 
/> PERMANENTLY... 


METAL IDENTIFICATION TAGS OF 
EVERY DESCRIPTION FOR MARKING CABLES 
LEADS, AND GROUPING WIRES... 


TERMINAL TAGS are rapidly replacing obsolete string and paper ident: 
fication methods—they mark the end of identification problems’ Made 
of sluminum, steel, bias of zinc, in a variety of styles and sizes 
TERMINAL TAGS are crsy to apply, and are wsed in the manutacture 
of mrcratt. radios telephones, motors, generators, etc They can be 
stamped of emboued to customer specification 


FREE SAMPLES AND LITERATURE UPON REQUEST 


/'NATIONAL BAND & TAG CO. 


0 Ber 9.754. NEWPORT KY PHONE COlenc! |'.703° 


yeable sleeve bearings 


rea 1 
ires 


A-C rate generator also available 


Designed and Manufactured by 


Engineering 


HEINZ MUELLER eee aT 


4735 W. lowa St., Chicago 51, Illinois 
SPECIALISTS IN ROTARY ELECTRICAL EQUIPMENT 
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‘design, purchasing, production men... 


here’s why you’re 
arab 
MOORE 


ELECTRICAL 
PORCELAIN 


Produced to meet your 


individual requirements 






Design — there's a Moore Set Screw ex- 
actly right to meet your specs. On acew 
developments or on hard-to-solve prob- 
lems we have experienced men to sup- 
ply the answers. 


Purchasing — you can depend on us, 
without question, to meet your sched. 
ules. Your reputation is backed up by 
our reputation of 80 years of depend- 
able service. 


Production — our inspection guarantees 
conformity and uniformity. Your as- 
sembly lines run smoothly and quality 
control is simplified. 


Socket Head 


Moore Set Screws simplify design, purchasing, production. Send Your Drawings and Specifications to: 


A AKRON PORCELAIN CO. 


£0} 02 | 8 George W. Moore, Inc. — 2725 CORY AVE., AKRON 14, OHIO 


since 1880 
) 3 eS 85 Beaver St., Waltham 54, Mass. 
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BEN WOULD HAVE LOVED INSUROK° 
FOR HIS OWN ELECTRICAL 
APPARATUS! 





for impedance magnitude, and +0.001, 
+0.003, +0.01 and +0.03 for phase 


. Perfect for Fabricated Parts angle. Accuracy is 3 per cent of full- 
. Superior Electrical Properties scale value; thus. impedance difference 
can be measured to +0.003 per cent on 
e Greater Design Possibilities most sensitive range and phase-angle 
: difference to 0.00003 radian. General 

© Lightweight, Non-Corrosive Radio Co.. West Concord, Mass. 
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RANDOM-NOISE GENERATOR 


Model 811-B generator features meter 
ing circuit which reads identically on 
sine waves and white noise. Output, at 
least 2.5 volts rms on all ranges; re 
INSUROK is a regis- 
tered trademark of The 
Richardson Company's 
complete family line 
of laminated plastics. 





Richardson INSUROK parts outperform and outlast other i 
materials because of their unique combination of properties. sponse, 2 cps to 1.5 me. Available as 


Outstanding INSUROK characteristics are: chassis unit, in cabinet, or on 19 x 5% 
in. rack panel. H. H. Scott, Inc., In 


vestment Div.. 111 Powder Mill Rd... 
e Low dielectric loss. Maynard. Mas« 
© Lew melstuce absorption. Circle 574 on postcard af end of book 
Heat and blister-resistance. WIDE-RANGE 
MICROMANOMETER 


Differential pressures as low as 0.000) 
mm Hg can be read directly on meter 


Good machinabilitv. of electronic manometer. Eight full 
7 scale ranges cover from 0.01 to 30 mm 


Unmatched insulating qualities. 


Remarkable strength and durability. 


by front-panel switch. Compares two 


? . : pressures to 0.05 per cent accuracy 
Richardson laminated, machined and fabricated parts are pro- 


duced in a wide range of characteristics to meet many kinds of 
electrical and electronic applications. New grades, sizes, and 
shapes are constantly being developed for new applications. 


Phase-sensitive a-c and polarized d- 
output also supplied in addition to 


Whatever your specific product application ... electrical or 
mechanical ... specify and insist on INSUROK. Write for 
comprehensive details in bulletin form on how you can profit 
by using INSUROK, or phone today. 


RICHARDSON COMPANY 


FOUNDED IN 1858 





2703 LAKE STREET, MELROSE PARK, tLLEN OTS 


Sales offices in principal cities 
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New Low-Cost 


PLUG & RECEPTACLE 


7 
NO. 1055-15 
15 circuit fast-sim) 
unit shown a me 
CUSTOM REQUIREMENTS _ 
AT STOCK UNIT COST! @ terminals 
Unique molding method permits @ mH 
from 3 up to 60 circuit combina- pane! mounting 
tions made to your needs. Plug or 
receptacle accepts male and female terminsts 
terminals. Minaturized— @ crimped " 
a 15 circuit unit is only to wires 
3/4” wide and 1-1/16" stad: 6% 
: rated: amps 
long @ per connection 
125/250 V a-c 





|] MOLEX PRODUCTS COMPANY 





9515 Sovthview Avenue, Brookfield, Iilinois 
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ELECTRICAL PORCELAIN 


PROCE METHOD 


To your 
blueprints 
and 
specifications 


New Jersey 
PORCELAIN 


COMPANY 


New York Ave. and Plum S., 
P.O. Box 908, Trenton 5, N.J. 
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-AGASTAT 























WHY 
NICE... 


NICE offers 
Product Designers . . . 





... @ varied line of catalog stond- 
ord bearings, plus the ability to de- 
sign ond produce “specials.” As 
“specialists in specials,” experienced 
NICE engineers take odvontage of 
every design opportunity to reduce 
costs without sacrifice of quality. 

Of special interest now is the 
revolutionary new UNIBAL Ball Beor- 
ing. Unique in design ond patented 
method of manufacture this unground 
bearing of superior quality is being 
weed successfully in many precision 
bearing applicctions heretofore re- 
quiring the use of conventional pre- 
cision ground bearings. 

NICE engineering help is available 
whenever needed 


NICE BALL BEARING CO. 


DIVISION OF CHANNING CORPORATION 
NICETOWN«PHILADELPHIA* PENNSYLVANIA 
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There’s a 


Mi 
HEAD 





for every time/delay/relay application 


Here's what you get with every Agastat time /delay/relay 
@ Easy adjustment 

Repeatable accuracy 

Instantaneous recycling 


Unaffected by voltage variations 


Low power consumption 


GET THE WHOLE STORY—write today for Bulletin No. SR-10 and find 
out how Agastat can help you to solve your time delay problems. Write 
to Dept. A35-72!. 


AGASTAT TIMING INSTRUMENTS 


ELASTIC STOP NUT CORPORATION OF AMERICA 
1027 NEWARK AVENUE, ELIZABETH 3, NEW JERSEY 
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All the math you need 
to design and analyze 


SERVO SYSTEMS! 


Here is your chance to catch up with the basic mathe- 
matical principles that underlie the design of servo- 
mechanisms and closed-loop systems. 


If you need a complete, but concise, explanation of the 
principles involved in the application to servo design of 
such techniques as Laplace transforms, transfer func- 
tions, Nyquist plots, Bode diagrams and root-locus 
analysis, they are all contained in Ira Ritow’s 6-article 
series on 


AUTOMATIC CONTROL 
SYSTEM DESIGN 


This series has been acclaimed an outstanding 
contribution to the understanding of advanced 
servomechanism design. It is a comprehensive 
treatment that will serve design engineers in 
dealing with the ever-increasing demands for 
automatic control in the operation of machines, 
autopilots, communications systems, process con- 
trol and modern appliances. 


To meet the continuing demand for reprints, 
the entire series has been combined in a 64-page 
case-bound reference manual. All articles are 
presented in complete form. The book includes 
a pertinent bibliography, an interpretive intro- 
duction by Staff Editor John Riggs, and Control 
System Representations, a two-page chart (from 
the December 1959 issue of ELECTRICAL 
MANUFACTURING) showing seven basic con- 
trol-system element classifications and their 
various common representations. 


Order your personal copy now. Better yet, 
take advantage of the cost-saving quantity dis- 
count and combine orders for your associates. 





ORDER FORM 


ELECTRICAL MANUFACTURING 
205 East 42 St., New York 17, N.Y. 


Please send me_____copies of the 64-page bound reprint of the 
Ira Ritow series on AUTOMATIC CONTROL SYSTEM DESIGN. 


I enclose remittance (() Check; [1 Cash) in amount of $ 


NAME TITLE 
COMPANY 

ADDRESS 

CITY ZONE STATE 


(Include 3% City Soles Tax if for New York delivey 





meter. Response time, using electrical 
outputs, is 10 millisee, approx. Tran 
Sonics, Inc., Box 328, Lexington 73, 
Mass. 
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THERMAL IMPEDANCE 
MEASURING 


Equipment measures junction thermal 
impedance, utilizing pulse techniques 
In operation, junction is heated with 
d-c which is pulsed off for 500 psec at 





rate of 10 pps. During orr interval, 
forward voltage drop is measured and 
compared to initial drop, the difference 
yielding temperature rise. Quotient of 
temperature rise and applied heating 
power is thermal impedance. Equip 
ment offered with heating current up to 
50 amp. Wallson Associates, Inc., 912 
914 Westfield Ave., Elizabeth, N. J 
Circle 576 on postcard at end of book 


DIGITAL PATTERN 
GENERATOR 


Generator is a solid-state test device 
which provides a simulated and flexible 
time division pattern output. It is de 
signed to supply repeating bit pattern 
for testing and development of com 


| 
| 
& 





puters and communications systems 
Adjustable pattern length, 1 to 100 bits 
with state of each bit independently 
controlled. Output impedance, 500 
ohms. Levels of 0 to +15 volts are 
independently adjustable. Two clock 
generators available: one variable from 
10 to 100,000 bits/sec, other from 20 
to 200,000 bits/sec. Government and 
Industrial Div., Magnavox Co., Fort 
Wayne, Ind. 
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ROGAN 





Circle 302 


63 Pavilion Avenue 


ee 


making Dies and 
AO leo 


Shown above are some of the many 
Rogan knobs available from 
stock molds. Fast delivery. 

Special shaft holes at nominal cost. 
Send for details and catalog. 


BROTHERS 


8027 N. Monticello + Skokie, Illinois 


on Inquiry Cord 


. Electrical Coil Windings 


. . ». WIRE SIZES #6 to +56 


For 43 years . . . specializing in all types of 
coils to customers’ specifications. Design or 


engineering assistance available on request. 


COTO-COIL CO., INC. 


Providence 5, Rhode Island 


DYKEM 
STEEL BLUE 


= 





Feria Reet 


8-oz. can 
Bakelite cap — 
soft-hair brush for = 
plying right at benc 
metal surface ready for 


layout in a few minutes 
The dark blue background 
makes the scribed lines 
show up in sharp relief, 
prevents metal glare. In- 
creases efficiency and 
accuracy. 


THE 


2303F North 11th St. 
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Write for sample 


on compony leterheod 
DYKEM COMPANY 


St. Levis 6, Me. 
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aR eS 
SMO ais 
UY LBS 


ata ae 


Tas buyers. 


guide. 


ALABAMA 


BIRMINGHAM 4e 701-6th Ave. N. 
ARIZONA 

PHOENIX @ 1022 N. 21st Ave. 
ARKANSAS 

LITTLE ROCK e 1805 Scott St. 
CALIFORNIA 


LOS ANGELES 33 1401 E. 3rd St. 

OAKLAND 7 2200 Adeline St 

SAN DIEGO 10144 W. Market St 

SAN FRANCISCO 10¢ 519 Potrero Ave. 
COLORADO 

DENVER 40695 Bryant St 
CONNECTICUT 

WEST HARTFORDe 20! Dexter Ave 
OISTRICT OF COL. 

WASHINGTON 18¢ 1860 Adams, N.E 


FLORIDA 
JACKSONVILLE 60 35 W. 12th St. 
MIAMI 37 @ 2727 N.W. 2nd Ave. 


TAMPA 66 1509 Cypress St 


EORGIA 

ATLANTA 16¢ 1046 Memorial Dr., S.E 
unos 

CHICAGO 12¢2330 W. Adams St 

MELROSE PK. © 1660 N. Mannheim Ra 
INDIANA 

INDIANAPOLIS 2¢ 1714 E. Riverside 

SOUTH BEND 1861133 So. Main St 
IOWA 

DAVENPORT e 1215 E. River St 

DES MOINES 14¢66 Washington Ave. 


KANSAS 

WICHITA 61201 N. Mosley St. 
KENTUCKY 

LOUISVILLE 3e 120 S. 12th St. 
LOUISIANA 

NEW ORLEANS 25 4513 Eve St. 


SHREVEPORT © 2031 Texas Ave. 
MARYLAND 

BALTIMORE 30¢800 S. Hanover St. 
MASSACHUSETTS 

BOSTON 3684 Lincoln St 
MICHIGAN 

DETROIT 301701 E. Mc Nichols Rd 

GRAND RAPIDS 3 545 Grandville S.W 
MINNESOTA 

MINNEAPOLIS 4¢ 1818-4th St. S. 
MISSOURI 

KANSAS CITY 8 1629 Broadway 
ST. LOUIS 3¢2110 Pine St. 
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ww. RAINGER.INC. 


Specialists tn 
i — MOTORS 


) 4000 Items in Stock 


PROMPT DELIVERY. Warehouses 
and sales offices coast-to-coast (see list 
below.) All fully stocked for pick-ups or 
24-hour shipping service. 


SALESMEN at each office available for 
help and guidance. 


WHOLESALE ONLY. Free net price 
catalog sent only when requested on 
letterhead. No consumer requests hon- 
ored. O.E.M. prices available for quantity 











188 PAGE CATALOG and buying 
Includes detailed descriptions 
on over 4000 items. Lots of technical 
and application data. Request your 
free copy. 





NEBRASKA 

OMAHA 26 1516 Webster St. 
NEW JERSEY 

NEWARK 2 355 Mulberry St. 
NEW YORK 
ALBANY 6¢ 20 Colvin Ave. 
BUFFALO 4¢ 106 Ash St. 
NEW YORK 130533 Canal St. 
SYRACUSE 6¢ Tarbell Ra 


NORTH CAROLINA 
CHARLOTTE 3e 1216 S. Mint St. 
OHIO 


CINCINNATI! 6 © 2400 May St. 
CLEVELAND 14¢ 2150 Hamilton Ave. 
COLUMBUS 15400 E. Livingston Ave. 
DAYTON 20222 Washington St 
TOLEDO 2¢520 Southard St 
YOUNGSTOWN 2e 16 Pyatt St. 
OKLAHOMA 
OKLAHOMA CITY 2¢316 E. Grand Ave. 
GON 
PORTLAND 17¢ 2410 N. Mississippi 
PENNSYLVANIA 
ALLENTOWN e 723 E. Green St. 
PHILADELPHIA 4 3215 Spring Garden 
PITTSBURGH 13812 Penn Ave. 


RHODE ISLAND 
PROVIDENCE § © 236 Georgia Ave. 
TENNESSEE 
KNOXVILLE 17 © 3628 Broadway N.E. 
MEMPHIS 3 339 So. Front St 
NASHVILLE 4¢210-17th Ave. N. 


xXAS 

DALLAS 10¢ 2425 Ferris St. 

EL PASO e 1100 E. Missouri St. 

FT. WORTH 3601119 W. 5th St 

HOUSTON 140 1409 St. Emanuel St. 

SAN ANTONIO 2¢606 E. Crockett St. 
UTAH 

SALT LAKE CITY 160527 No. 3rd W. 
VIRGINIA 

NORFOLK 60835 W. 44th St 

RICHMOND 20¢ 1427 W. Cary St. 
WASHINGTON 

SEATTLE 4¢ 1001-9th Ave. S. 

SPOKANE te W. 22 Main Ave. 
WEST VIRGINIA 

CHARLESTON ¢ 1037 Central Ave. 
WISCONSIN 
MILWAUKEE 4¢ 136 E. Walker St. 
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PRODUCT INDEX for this issue 





Components, parts and materials described in this issue's editorial and advertising pages. 


Key: page number only indicates advertisement; letter “e with page number indicates editorial mention. 


COMPONENTS, 
ELECTRICAL/ELECTRONIC 


Batteries—222e 

Brakes—248e 

Capacitors—54, 194e, 217, 228e 
Choppers—188e 

Clutches—248e 

Contact devices 


Brushes and brush holders—189, 216, 
228, 253 


Commutators—14, 250e 
Control systems—15, 56e, 186e, 190e, 220¢ 
Counters—128e, 252e 
Electron tubes 

Glow lamps—162, 244e 


Special—168 
Fans and blowers—194, 234e 
Filters—202e 
Heating elements—228, 257 
Inductors—21 
Magnetic omplifiers—184e, 202e, 243e, 


248e 
Magnetic components 
Bobbins and core boxes—196 
Coils and windings—205, 218e 
Cores—46, 194 
Permanent magnets—221, 249 
Meters, panei—35, 150, 220e, 232e, 256e 
Microwave devices—192e, 244e 
Potentiometers—184e, 192e, 219e, 238e 
Printed circuits—216e, 250e 
Protective devices 
Circuit breakers—130e, 139 
Surge protectors—187 
Thermal—248 
Relays 
General-purpose—12, 45, 154, 163, 204e 
Mercury—214 
Special—45, 163, 200e, 209e, 212, 224e 
236e, 252e 
Time-delay—135, 188e, 214, 261, 267 
Resistors—44, 166, 204e, 226, 237, 240, 250e 
Semiconductor devices 
Controlled rectifier—231 
Rectifiers and diodes—33, 181, 184e, 193, 
200e, 204e, 240e, 243 
Transistors—27, 142e, 145, 147, 149, 151, 
184e, 204e, 214e, 222e 


Varistors—39 


270 


Servo components—161, 165, 224, 232e, 
234e, 238e, 254, 265 

Shielding devices—184e 

Solenoids—133, 257 

Static switching elements—137, 142e 


Switches 
Controllers and contactors—45, 160, 185, 


191, 237 
Limit—184e, 201 
Mercury—214 
Miscellaneous—238e, 250e, 271 
Pushbutton—44, 219e 
Rotary—210e 
Snap action—256e 
Stepping—26, 177, 228e 
Toggle—258e 
Timers—209e, 222, 274 
Transducers 
Special—186e, 209e 
Thermocouples— 196e 
Transformers 


Electronic—176, 188e, 190e, 194e, 196¢e, 
209, 247 


Industrial—234 
Valves, solenoid—254e 
Voltage regulators—261 
Wire and cable—216e 

Hookup—4, 197, 248e 


Magnet—19, 155, 159, 194e, 225, 241, 
258 
Power—5 
Resistance—5 
Wiring devices 
Cable clamps and clips—212e 


Connectors—inside back cover, 30, 138e, 
174, 209e, 212e, 224e, 232e, 240e, 253, 
267 


Cord sets—152, 211 

Ducts—258e 

Plugs and jocks—198e, 218e, 229, 256 
Terminals—154, 201, 263 

Terminal blocks—33, 196, 198e, 219¢ 


COMPONENTS, 
MECHANICAL/STRUCTURAL 


Bearings—1!, 20 47, 267 

Dials and nameplates—184e 

Fasteners 
Quick-operating—227e 


Rivets—210e 

Screws—200e, 254e, 263, 265 
Gears—62, 190¢ 
Governors—227 
Housings and enclosures—236e 
Knobs, handies—269 
Mounting hordwore—-216e, 219 
Rings, retainer—210 


COMPUTERS AND 
COMPUTING COMPONENTS 


Bock cover, 176, 209e, 227e, 255 


DRAFTING MATERIALS AND 
EQUIPMENT 


Tracing cloth—51, 238 


DRIVES 


Electrical—43, 186e, 198e, 238 
Mechanical—198e 


INSTRUMENTS AND TEST 
EQUIPMENT 


Amplifiers—184e, 192e, 254e 
Calculators—200 

Generators, electronic—266e 
Meters—186e, 188¢, 202e, 266¢ 
Oscilloscopes—136e, 156, 194e 


Power supplies-—16, 131, 148, 184e, 1866, 
190e, 196¢, 198 


Printer—214e 
Recorders—49, 172e, 218, 219 


Special test equipment—38, 180, 186e, 188, 
190e, 192e, 194e, 195, 196e, 243, 255, 
262, 262¢, 264, 264e, 268e, 272 


MATERIALS, 
ELECTRICAL/ELECTRONIC 


Conductive materials—112e 


ELECTRICAL MANUFACTURING 











Casting resins—117e, 


253, 257 
Fabrics—31 
Film—213 


Laminates—8, 13, 50, 157, 164, 165, 184¢, 
199, 252, 266 


Molding compounds—194e, 196, 239, 264 
Paper—41, 186 
Tape—143, 186, 223, 235, 244 
Tubing—173, 190, 190e, 204e, 256 
Varnishes—\84e, 186e, 233 

Magnetic materials 
Electrical steel—203 
Magnetic powders—141 


MATERIALS, 
MECHANICAL/STRUCTURAL 


Adhesives, cements, sealants, waxes—50, 253 


Metals 


Alloys, general—52, \84e, 1860, 188 
Aluminum—34, 175 
Copper, brass, bronze—159, 167 


Metal forms 


Thermostatic bimetal—236 


Non-metallic materials 
Elastomers—24 


Protective coatings 
Chemicol—178 


MOTORS AND GENERATORS 

Fractional-hp motors—inside front cover, 2, 
208, 210, 269 

Gearmotors—inside front cover, 2, 218, 263 | 


Integral-hp metors—inside front cover, 23, 
153, 169, 210, 215, 251, 269 


Special—inside front cover, 37, 53, 179, 183, | 
215, 232, 242 


PRODUCTION EQUIPMENT, 


TOOLS 


Loyout fluid—269 


Pliers—202 


Processing equipment—220 

Wire strippers—263 

Wiring machines—257 

Printer, screen—264e 

Soldering irons, equipment—262e 
Marking devices—265 


SERVICES 


Coil winding—255, 269 

Data cataloging—262e 

Metal fabrication—29, 180 

Other fabrication—188, 265, 267, 273 
Plastics fobrication—188e, 250 
Transportation—42, 245 
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High voltage problems? 


SWITCh WITH 


VACUUM 


Particularly useful for fault current protection, 
capacitor discharge, high voltage disconnects, tap 
changing on rf coils or any high voltage 
switching probiem difficult tis accomplish 
by any other means. 


MOOEL CC 


a = . — 


¥ Consider these advantages, 
only possible with vacuum... 


LONG LIFE—Extremely fast arc extinction 
due to rapid radial diffusion of ionized 
particles and almost immediate recovery 
of dielectric strength. No oxides in 

vacuum permits use of tungsten contacts 

with high resistance to arc erosion. 


NO MAINTENANCE—Sealed contacts 


are thoroughly outgassed and remain 
clean of oxides and other contaminants. 


HIGH SPEED OPERATION—From one 


eighth to one cycle interruption including 
mechanical operate time. 


HIGH VOLTAGE USE—Usable up to 230 


kv or higher when operated in series. 


NON-FLAMMABLE, non-toxic, non-explosive. 





Write for more detalied literature on Jennings 
complete line of vacuum switches. 


é 
RELIABILITY MEANS vacuum / vacuum wane YEMNINGS 
® 





JENNINGS RADIO MFG-CORP., 970 McLAUGHLIN AVE. P. 0. BOX 127 
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Ta LT eee 
the Least Expensive 


NEW RUBICON DIRECT- 
READING RATIO SETS FOR 
HIGH-PRECISION 
COMPARISONS OF RESISTORS 


MODEL 1414—FOUR DIALS 

e Ratio values from 0.994445 
to 1.005555, in steps of 
0.000001. 
Subpanel switches with sil- 
ver contacts. 
Four Waidner- Wolff decades 
to reduce effect of switch 
resistance. 
Battery circuit reversal key. 
Complete electrostatic 
shielding. 
Limit of error .0002 percent 
(2ppm), provided resistors 
to be compared are equal 
within 0.1 percent. 


MODEL 1413—THREE DIALS 

e Essentially same as four-dial 
model, but has three decades to 
provide ratios from 0.99445 to 
1.00555, in steps of 0.00001. No 
battery circuit reversal key. 
MODEL 1406— 
UNIVERSAL RATIO SET 


For comparing resistors. Ratio 
limit of error 0.005 percent at 
settings of 100 ohms or more. 
Resistance 2,111.110 ohms con- 
stant for all dial settings. Poten- 
tial connection may be made by 
dial adjustment at any point of 
the 2,111.110 ohms, to the near- 
est 0.001 ohm. 

Each of these fine instruments 
will give you the exceptional pre- 
cision and long service for which 
Rubicon products are famous. 


For complete details, contact your 
nearby Honeywell Branch Office, 
or write to MINNEAPOLIS- 
HONEYWELL, Rubicon Division, 
Philadelphia 32, Pa. 
th 
Pi ERING THE FUTURE 


Honeywell . 
eee 
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INDEX TO ADVERTISERS 


For information on any of the products or services advertised in this issue, use the convenient 


Reader Inquiry Service postcards at end of book 


AMP Incorporated 


Air Express Div. of Railway Express 
Agency 

Akron Porcelain Co 

Allen-Bradley Co 259, 

Allied Research Products, Inc 

Allis Co., The Louis 182, 

Aluminum Company of America 44 

American Brass Co., The 

American Insulator Corp 

Amperite Co., Inc 

Amphenol-Borg Electronics Corp 


Connector Div 
Amplex Div., Chrysler Corp 
Anaconda Wire & Cable Co 
Anderson Controls, Inc 
Arnold Engineering Co., The 


Automatic Electric, Sub 


of General Tele 


phone & Electronics 


Bean & Co., Morris 
Beckman & Whitley Inc 
Belden Manufacturing Co 
Bell Telephone Laboratories 
Biwax Corp 
Bodine Electric Co 


Brush Instruments Div. of Clevite 


Corp. 171 
Buffalo Forge Co 
Burndy, Omaton Div Inside 


40 


265 


260 


180 


264 


172 


194 


Back Cover 


C&D Batteries Div., The Electric Auto 

lite Co 148 
Cannon Electric Co 229 
Century Electric Co 22, 23 
Chace Co w M 4¢ 
Clare & Co, C. P i 
Cleveland Container Co The 190 
Clifton Precision Products Co., Inc 

Back Cover 

Comar Electric Co 212 
Connecticut Hard Rubber Co has 
Continental-Diamond Fibre, A Sub. of 

The Budd Co 50 
Cornish Wire Co., Inc 211 
Cosmo Plastics Co 196 
Coto-Coil Co., Inc 269 
Crouse-Hinds 15 
Dano Electric Co T he 255 
Daystrom, Inc. 

Transicoil Div. 161 

Weston Instruments Div 35 


or write directly to advertiser. 


Deluxe Coils, Inc 
Dennison Manufacturing Co 


Dich! Manufacturing Co., A Sub. of The 


Singer Manufacturing Co 


Du Mont Laboratories, Inc., Allen B 


Nemours & Co. (Inc.), FE. L, 
Fabrics Div 
Film Dept 


du Pom de 


Durakool, Inc 


Durez Plastics Div.. Hooker Chemical 
Corp 

Dykem Co., The 

Dynacor inc., A Sub. of Sprague 
Electric Co 

ETA Products Co. of America 

Eagle Signal Co A Div. of the Game 
well Co 


Eastern Air Lines 


Eaton Manufacturing Co Dy namatix 
Div 

Elastic Stop Nut Corp. of America 

Electrix Corp 

Electronic Research Associates, In 


Electrons, Inc 


National Watch Co 


Relays 


Elgin Figin Ad 


vance 
Emerson Electric 
Chemical Co A Div. of 


Enjay Humb'« 


Oil & Refining Co 4 
Epic Inc 


Essex 


Wire Corp., 
Magnet Wire Div 
Wire and Cable Div é 


Esterline-Angus Co The 218, 


Fairbanks, Morse & Co 
Friden Inc 


Furnas Electric Co 


G-V Controls Inc 
General Electric Co 


Apparatus Sales Div 4, 45, 191, 


Products 
Materials 
Lamp 


Laminated Dept 


Magnetic Section 49 
Miniature Dept 


Semiconductor Products Dept 


147. 149, 151, 230 
General Industries Co., The 


General Instrument Corp 
Semiconductor Div 
w. WwW 


Grainger, Inc., 


Guardian Electric Manufacturing Co 


ELECTRICAL 


MANUFACTUR 
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186 


194 


200 


160 


181 
269 
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INDEX TO ADVERTISERS 


For information on any of the products or services advertised in this issue, use the convenient 
Reader Inquiry Service postcards at end of book-—or write directly to advertiser. 


Hartwood Glass & Metals Co 263 Minnesota Mining and Manufacturing 
9? 
Haydon Co., The A. W 274 Go. 143, 192 
Heinemann Electric Co. 139 Molex Products Co, 267 
> .  w %G 
Heinz Mueller Engineering Co., Inc. 265 Moore Inc., George W. 265 
a . 263 
Helipot Div. of Beckman Instruments, Motoresearch Co 
Inc 150, 224 
Hewlett-Packard Co 195 
Hooker Chemical Corp., Durez Plastics ‘ 
: National Band & Tag Co 265 
Div 249 
National Carbon Co., Div. of Union 
Hughes Aircraft Co., . 
- Carbide Corp 189 
Engineering Div 17 
National Lock Washer Co., The 210 
Hunter Spring Co., A Div. of American j 
National Vulcanized Fibre C 164, 165 } 
Machine and Metals, Inc 262 anes eae wee XS . 
: N Jeps  D Gene 
Suatingesn Alley Pooduces Div., Ths ew Departure Div. of General Motors 1 
International Nickel Co., Inc 5)? New Hampshire Ball Bearings, Inc ‘7 | 
Hussey & Co., C. G., (Div. of Copper New Jersey Porcelain Co 267 | 
Range Co.) 167 New Jersey Wood Finishing Co 199 | 


Nice Ball Bearing Co.. Div. of Channing 





Corp 267 | 

Ideal Industries, Inc 2S3, 263 Non-Linear Systems, Inc 180 
Imperial Tracing Cloth 238 North Electric Co., Electronetics Div 38 
Indiana Steel Products Div. of Indiana | 

General Corp 249 
Industrial Electronic Fagineers Inc 255 
Industrial Test Equipment Co 188 Ohmite Manufacturing Co 217 
Jennings Radio Manufacturing Corp 271 
Johns-Manville 0 61 Paramount Paper Tube Corp 256 
Johns Manville Dutch Brand Division 245 Phelps Dodge Copper Products Corp. 


Inca Manufacturing Div 18, 9 | 
Jones Div.. Howard B., Cinch Manufa | 


. * 
, . i 
turing Co Div of United-Carr Fas Phoenix Electric Manufacturing Co 253 increase heating range to 





tener Corp 196 Pope Machinery Corp 215 | 
Potter & Brumfield, Div. of American O 
Machine & Foundry Co 163 
Kanthal Corp., The 257 (S 
Kendall Co., The, Polyken Sales Div 223 
| . 
Kepco, Inc wa Reuland Electric Co 53 with. Speer Graphite 
Keuffel & Esser Co S51, 238 tntinn Ce The 266 
Klein & Sons, Mathias 202 Robbins & Myers, Inc 169 Furnace Elemerils 
Krueger & Hudepohi, Inc e635 Rogan Brothers 269 


Speer will machine single- or three- 


Royal Electric Corp., An Associate of : 
a a phase graphite furnace elements to your 


ITT 152 er ae : . 
Lamb Flectric Co., The, A Div, of specifications. Suitable for operation 
American Machine and Metals, Inc 179 under vacuum or inert atmosphere con- 
Light Electric Corp 244 ditions, these heating elements are ideal 
SKF Industries, Inc 20 where temperatures in the 1500-3200°C 
Suites Seeden, fen, Gee range are desired. They are available 
Magnetic Metals Co 3 Div 243 up to 30 inches OD or as small as a 
Magnetics Inc 141 Servospeed Div. of Electro Devices, fraction of an inch in diameter. 
Mallory Controls Co., A div. of P. R fic 238 Let Speer help you with your problems 
Mallory & Co., Inc 226, 227 ‘Sherman Manufacturing Co., H. B 154 of heater design. Call or write for fur- 
Merkle-Korff Gear Co 218 ©Silicones Div., Union Carbide Corp. 233 ther information. 
Mesa Plastics Co 264 Smith Corp., A. O 210, 251 
Midwest Molding and Manufacturing Co. 228 Sola Electric Co., A Div. of Basic Prod- R 
Minneapolis-Honeywell ucts Corp. 209 Cobol? 
Heiland Div. 48, 49 Sorensen & Co., A Sub. of Raytheon Carbon Products Division 
Rubicon Div. 272 Co. 198 St. Marys, Pennsylvania 
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The A. W. Haydon Co. designed this 
series of repeat cycle timers for 
engineers with tricky timing prob- 
lems and tight budgets. The low 
unit price on quantity runs will sur- 
prise you...and the savings we can 
offer on very large volume produc- 
tion sometimes surprises us! @ Yet 
there has been no sacrifice in qual- 
ity... it’s all in the design. Special 
spring switches are supported in 
molded contact blocks; cams, cam 
followers and gears are molded 
nylon for long service life and ex- 
tremely quiet operation. 
Two printed circuit ca- 
bles supply internal wir- 
ing to 12 output circuits, 
and parallel cam shafts 
provide two cycling 
speeds. # TheA. W. 
Haydon Co. has designed 
this repeat cycle timer 
to operate continuously 





UNG 


LIFE 


LOW 
COST 


REPEAT 


LYCLE 
TIMERS 


for at least one year, but it will actu- 
ally run for much longer. # The unit 
shown operates at 115V, 60 CPS, 
2.5 watts power input. Its switch 
has been tested for 2 years (125 
million cycles at 2 amps resistive 
10VAC, 60 CPS) and is rated for 
2.5 amp or a 7.0 amp inrush lamp 
load. ® To be sure, other variations 
are available. A. W. Haydon will be 
delighted to quote these long life, 
low cost repeat cycle timers in any 
one of 125 standard speeds, 5 volt- 
age ratings and 3 power supplies. 
All have Jones type ter- 
minal plugs for fast in- 
stallation, and a quick- 
change motor mounting 
forease of motor replace- 
ment. Aclear plastic dust 
cover helps reduce noise 
level to a whisper. Write 
for information on your 
particular requirement. 








COMPANY 


234 North Eim Street, Waterbury 20, Connecticut 
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General Telephone & Electronics, 
Parts Div. 197 


Taylor Fibre Co 157 
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Transitron Electronic Corp 194 
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United Transformer Corp 21 
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Vulcan Electric Co 228 


Wagner Electric Corp 194 
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Wire Stripper Co., The 737 
Wisconsin Porcelain Co 188 
Zophar Mills, Inc 2453 





Other CONOVER-MAST Publications 


The Boating Industry 
Business ‘Commercial Aviation 
Construction Equipmert 

Mill G Factory 

Purchasing 
Spece/Aeronautics 

Volume Feeding Management 


Conover-Mast Purchasing Directory 


Y Pee CAL PRESS CORP., PHILA. 4 PA 


ELECTRICAL MANUFACTURING 


Open this folder out for convenience in checking your Inquiry Cards ===> 





Electrical 
Manufacturing 


How Many Other Engineers 
Read Your Copy of EM? 


This was one of the questions our research de- 
partment recently asked a representative group 
of EM readers. Purpose of the study was to find 
out what happens to the magazine after it is read 
by the individual to whom it is addressed. 

Our problem as publishers is to see that a suf- 
ficient number of copies of the magazine is avail- 
able to serve the needs of each design engineering 
group without wasting any copies and without 
unduly taxing the mail-distributing facilities of 
reader companies. 

We were pleased to have readers tell us that 
—in more than 70 per cent of the cases—they 
circulate their monthly copies of ELecrricaL 
MANUFACTURING to other engineers after they have 
finished with their own reading. On the average, 
these routed copies are read by four other engi- 
neers. 

Other answers were equally illuminating. For 
example, in response to the question “What hap- 


pens to the copy after being circulated?” 27 per 
cent said they retain the copy in their personal 
file for reference; 23 per cent pass it on to their 
department or company library; 46 cent clip 
articles of interest before discarding the magazine. 
One reader says: “My files of EM articles are in con- 
stant use as references by personnel in my section.” 

Another comments: “EM is one of the two magazines 

filed for reference out of 15-20 subscriptions received.” 

From still another: “I usually request reprints of arti- 

cles of special interest to permit easier filing and better 

access. 

These are typical of scores of reader comments, 
attesting to the usefulness of EvectrricaL MAnvu- 
FACTURING in dealing with on-the-job problems 
and as a reference tool. 

Our thanks to all those who cooperated in this 
and similar reader studies. These studies serve as 
a feedback—keeping publisher and editors alert 
to the best ways of serving the technical interests 
of our expanding reader audience. 
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Manufacturing 
Reader I Servi 
ONE Reader Inquiry Service post card—king @ Advertised Products 
size for legibility—will bring you additional in- Want more information on products advertised? 
formation regarding anything published in this Circle number indicated for each advertisement. 
issue. That goes for both advertising and editorial 
— @ Reprints of Editorial Features 


Each editorial item and advertisement has been 
assigned a key number. Corresponding numbers 
appear in the respective grouping of the Reader 
Inquiry Service postcard below. 


Article reprints available without charge are listed 
on page 158. For Science & Engineering reprints, 
see Order Form on page !70. 


Simply circle the numbers that apply to specific 
items in which you are interested. Your informa- © Now Uterature 
tion requests will be forwarded promptly—within Latest catalog and bulletin offerings starting on 
48 hours of receipt of card. To expedite, please page 184. 
print or type your name and address. 

@ New Components and Materials 
Cards will be processed by Publisher Reviews of new developments starting on page 
if received by September 1, 1960 204. 
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113 145 177 209 241 273 305 337 370 403 436 469 | 513 532 551 570 See 609 629 768 825 
114 146 178 210 242 274 306 404 514 533 552 S71 S80 610 630 7es 788 626 
195 147 1798 211 243 275 307 405 51S 534 553 572 S81 611 631 788 827 
116 148 180 212 244 276 308 406 554 592 632 790 828 
117 148 181 213 245 277 308 407 593 63) 829 

246 408 594 634 792 830 

408 595 635 
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221 
Individual 
222 
223 Title Dept. or Div. 
224 4 ee ee 
225 Company 
sed Street - fal City Zone State 
227 a 
228 


Not good after September 1, 1960 JULY @ 1960 
















































ADVERTISED PRODUCTS OR SERVICES 390 NEW COMPONENTS  se6 636 656 696 
101 133 165 197 229 261 293 325 358 391 424 457 | 501 520 539 556 577 597 617 637 657 677 687 717 737 
102 134 166 198 230 262 294 326 359 382 425 458 | 502 521 540 559 578 S96 618 638 658 678 698 718 738 
103 195 167 106 231 263 295 327 360 393 426 459 | 503 522 541 S60 579 599 619 639 659 679 699 719 739 
104 136 168 200 232 264 296 328 361 394 427 460 | 504 523 542 561 580 600 620 640 660 680 700 720 740 
105 137 168 201 233 265 297 328 362 395 428 461 | 50S 524 543 562 581 601 621 641 661 681 701 721 741 
106 138 170 202 234 266 298 330 363 396 429 462 | 506 525 544 563 562 602 622 642 662 682 702 722 742 
107 138 171 203 235 267 298 331 364 397 430 463 | 507 526 545 564 583 603 623 643 663 683 703 723 743 
106 140 172 204 236 268 300 332 365 396 431 464 | 508 527 546 565 584 604 624 644 664 684 704 724 744 
109 141 173 205 237 269 301 333 366 399 432 465 | 509 528 547 566 565 605 625 645 665 685 705 725 745 
206 238 270 302 334 367 400 433 466 | S10 529 548 567 586 606 626 646 666 686 706 726 746 
207 239 271 303 335 368 401 434 467 | 511 530 549 S68 587 607 627 647 667 687 707 727 747 
208 240 272 304 336 369 402 435 468 | 512 531 550 S69 S88 G08 628 648 668 688 708 728 748 
209 305 403 469 | 513 532 551 570 S@S 609 629 649 669 689 709 729 749 
306 404 514 533 552 571 590 610 630 650 670 690 710 730 750 
yw) 405 51S 534 553 S72 581 611 631 G51 671 6O1 711 731 751 
308 406 516 535 554 573 S92 612 632 652 672 682712 732 752 
309 407 517 536 555 574 S83 613 633 653 673 693 713 733 753 
408 518 537 556 S75 564 614 634 654 674 664 714 734 754 
409 519 538 557 576 S95 615 635 655 675 695 715 735 755 
REPRINTS 907 910 913 916 919 922 925 928 931 934 
901 903 905 908 611 914 917 920 923 926 929 935 
902 904 906 $36 


Individual 





Title Dept. or Div. 







Street City Zone Stote 


Net good after September 1, 1960 JULY @ 1960 

































































90 NEW COMPONENTS NEW LITERATURE 932 
391 424 457 | S01 520 538 558 577 756 775 794 813 833 
382 425 458 | 502 521 540 559 578 757 776 795 614 
383 426 459 | 503 522 541 758 777 796 815 

394 427 460 | 504 523 542 759 778 797 816 
395 428 461 505 524 543 760 779 798 817 
306 428 462 | 506 525 544 761 780 799 818 
397 430 463 | S07 526 545 762 781 800 819 
398 431 464 | 508 546 763 782 801 

399 432 465 | 509 764 783 

400 433 466 765 784 

401 434 467 766 785 

402 435 468 767 786 

403 

404 

405 

406 

407 

408 

409 


Individual 











Title Dept. or Div. 
Compeny 
Street : City Zone Stete 





Not good after September 1, 1960 





eel Not good after September 1, 1960 JULY @ 1960 


FIRST CLASS 
PERMIT NO. 16734 


READER 


INQUIRY 
NEW YORK, N. Y. 


SERVICE 








BUSINESS REPLY MAIL 
No Postage Stamp Necessary if Mailed in the United States 


POSTAGE WILL BE PAID BY 





Electrical Manufacturing 


205 East 42 Street 


NEW YORE 17, N. Y. 


FIRST CLASS 
PERMIT NO. 16734 


READER 
INQUIRY 
SERVICE 


NEW YORK, N.Y. 





BUSINESS REPLY MAIL 
Ne Postage Stamp Necessary if Mailed in the United States 





POSTAGE WILL BE PAID BY 


Electrical Manufacturing 


205 East 42 Street 


NEW YORE 17, N. Y. 





Not good after September 1, 1960 JULY @ 1960 


COAX HYFEN 


CONNECTORS 


with crimp-type 


snap-locked contacts 


= 
eg | ed hs 


Snap-lock action of Burndy coax HYFEN 

eMC Meum um t 

many applications. Contacts may be installed 
eer) Bea ma ae La 
Sree tM me mee keeles] 
Sm ee ely 

Tin Bees ie eee 


CONNECT QUICKLY 
high speed tooling for 
> production result: 


nm low installed costs. 


CONNECT EASILY 
..Ssnap-lock action and 


simple design with few 


COAX MODULOK 
Modular terr 


block. Modul 


arts make installation 
easy -tool crimps 


contacts in any 
together or apar 


circumferential positio 
are mounted on cadmium 


plated steel track, " CONNECT RELIABLY 
: + ---tool-controlled crimp 

provides strain relief 
for conductors 
guarantees a uniform 
indent for measurable 
quality control. There is 
no heat to damage 
insulation. 


FOR OTHER REQUIREMENTS OR APPLICATIONS, CONTACT OMATON DIVISION 


BURA D ~ 


Norwalk, Connect. In Europe: Antwerp, Belgium Toronto, Canada 
Circle 102 on Inquiry Card 





HIGHEST ACCURACY 
IN 
PRODUCTION 
QUANTITIES 


MASH RY a ea oat 


Occasionally we see advertised rotating components 
of fantastic accuracy. Sure, we make these hand built 
PERPGNDICULARITY OF AXES 


87.7% showed 2' or less error units too. But they are usually very expensive, of a 


large size, and you get delivery a few units at a time. 


CPPC will sell you 1000 (or 10,000) of these Size 11 


Precision Computing Resolvers, holding 


<«a-4Z> CO 


ale 6. ee the very high accuracies shown on 
MINUTES OF ERROR 


MAXIMUM ERROR SPREAD 
91.4% showed 6' or less error spread 


this page, and at a price which will 
surprise you. If you know the rotary 


components market, you know that 


<4+-4+4Z>¢cO 


we have been able to substantially 


t <3 Fix 6 4oae-2 lower traditional prices in th ast 
MAXIMUM ERROR (MINUTES) P — 


Two modern rotary components facilities (Clifton 


i4-4Z>coO 


Heights, Pa. and Colorado Springs, 
seein soiabilicna Colo.) assure deliveries in 45 days on 


99.1%, did not exceed 1 mv/v of input quantity orders. Samples from the 
99.6% did not exceed 1 mv/v of output 
shelf immediately. Telephone 


Hilltop 9-1200 or our representatives. 


<+4-—-4Z>cCcoO 


TRANSFORMATION RATIO 


SCTE SBNRAKNBEN Bs call 
soak VOR be ce con ENGINEERS—Pioneer with a leader in the field. 


96.9%, did not exceed 1% tolerance * Write David D. Brown, Director of Personnel 


Cppc 


CLIFTON PRECISION PRODUCTS CO.. INC. CLIFTON HEIGHTS. PA. 


Circle 103 on Inquiry Card 








